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intel 


RAM 
SELECTOR GUIDE 


Commercial 


No. of 
Organization Description cone 


Static - High Speed - Open Collector 
Static - High Speed - Three State 

Static - High Speed - Open Collector 
Static - High Speed - Three State 


Access/Cycle 
Time Range 
(nsec) 


Max. Current estat 

Range (mA sienna 
ge (mA) Supply Page 
+5 
+5 
+5 
+5 
100-250 40-70 +5 
200-450 70-100 +5 
45-70 125-180] 20-30 +5 
45-70 125-180 +5 


Static - Low Power 


Static - Output Enable 20 
Static - High Speed - Power Down 18 
Static - High Speed - Fast CS 18 
4K x1 Static - Low Power - Power Down 18 120-250 40-70 5-20 +5 
4Kx 1 Static - High Speed - Power Down 18 70-85 140-160} 10-20 +5 
4Kx 1 Static - High Speed - Power Down 18 35-55 125-180} 15-30 +5 
2167 16K x 1 Static - High Speed - Power Down 55-100 90-125] 30-40 +5 1-65 
2168 4Kx4 Static - High Speed - Power Down 55-100 150 40 +5 1-69 
Static - Power Down 24 150 TBD TBD 
Static - Power Down 28 150 TBD TBD 
Pseudostatic - Muxed Bus 28 200/400 TBD TBD 
Pseudostatic 28 170/300 TBD TBD 
2118 16K x 1 Dynamic - High Performance - Low Power 16 100/235-150/320 | 150 mW} 11 mW oA 
2164 64K x 1 Dynamic - High Performance - Low Power 16 150/300-250/465. | 330 mW] 28 mW 
5104 4Kx1 Static - CMOS - High Performance 18 150 TBD TBD 
5114 1Kx4 Static - CMOS - High Performance 18 150 TBD TBD 


M2115A 1Kx 1 Static - High Speed - Open Collector 16 

M2125A 1Kx1 Static - High Speed - Three State 16 

M2114A 1Kx4 Static - Low Power 18 150-250 50-70 +5 10-1 
M2148H 1Kx 4 Static - High Speed - Power Down 18 70 180 +5 10-25 
M2147H Static - High Speed - Power Down 55-70 | 180 | 30 | 

M2118 Dynamic - High Performance 120/270-150/320 | 138 mw 


industrial 


12114A 1Kx 4 Static - Low Power 18 150-250 50-70 +5 9-1 
12118 16K x 1 Dynamic - High Performance 16 120/270-150/320 | 138 mW] 11 mW +5 9-4 
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In 


2114A 
1024 X 4 BIT STATIC RAM 


Max. Access Time (ns) 
Max. Current (mA) 


HMOS Technology = Completely Static Memory - No Clock 
or Timing Strobe Required 


= Directly TTL Compatible: All Inputs 
identical Cycle and Access Times and Outputs 


= Common Data Input and Output Using 
Three-State Outputs 


High Density 18 Pin Package @ 2114 Upgrade 


Low Power, High Speed 


Single +5V Supply +10% 


The Intel® 2114A is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using HMOS, a high per- 
formance MOS technology. It uses fully DC stable (static) circuitry throughout, in both the array and the decoding, therefore it 
requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not required. The 
data is read out nondestructively and has the same polarity as the input data. Common input/output pins are provided. 


The 2114A is designed for memory applications where the high performance and high reliability of HMOS, low cost, large bit 
storage, and simple interfacing are important design objectives. The 2114A is placed in an 18-pin package for the highest 
possible density. 


It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate Chip Select (CS) lead allows 
easy selection of an individual package when outputs are or-tied. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 
(4) 
A3 = + 2 
A, @ i rere 
As @ > ae MEMORY ARRAY 
‘i @) SELECT 64 ROWS 
6 64 COLUMNS 
A; » 
Ag > = 
1/0 C) =a 
1 -——J COLUMN 1/0 CIRCUITS 
1/0, i) 
vo, 2 
1/0, ) 


PIN NAMES : 
4 


ADDRESS INPUTS Veco POWER (+5V) © = PIN NUMBERS 
WRITE ENABLE GND GROUND 


Ay—~A, 
cs CHIP SELECT —_—— 
VO,-1/0, DATAINPUT/OUTPUT | 


——— ss SSNS? 
INTEL CORPORATION ASSUMES NO RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIRCUITRY EMBODIED IN AN INTEL PRODUCT. NO OTHER CIRCUIT PATENT LICENSES ARE IMPLIED. 
©|NTEL CORPORATION, 1977, 1979 DECEMBER, 1979 
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2114A FAMILY 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .................. -10°C to 80°C 
Storage Temperature .................... -65°C to 150°C 
Voltage on any Pin 

With Respect to Ground .................. -3.5V to +7V 
POwOr DBSIDSTION soccccnincdcuvess nx vendcesaase sax 1.0W 
DC -OUIpUr Current 5.04oxs feuwccab«scedesenedweeuees 5mA 


D.C. AND OPERATING CHARACTERISTICS 


Ta = 0°C to 70°C, Voc = 5V + 10%, unless otherwise noted. 


“COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Ex- 
posure is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


2114AL-1/L-2/L-3/L-4 2114A-4/-5 
SYMBOL PARAMETER Min. Typ.!1l Max. Min. Typ.l1] Max. | UNIT CONDITIONS 
[ty | Input Load Current 10 UA Vin = 0 to 5.5V 
(All Input Pins) 
lLo| 1/O Leakage Current uA CS = Vin 
Vi/o = GND to VCC 
lec Power Supply Current 50 70 mA Vec = max, lij9 =OmA, 
Ta = o°C 
Vib Input Low Voltage -3.0 08 | -3.0 0.8 
iu Input. High Voltage 2.0 6.0 2.0 6.0 
losl2I Output Short Circuit mA 
Current 


NOTE: 1. Typical values are for Ta = 25°C and Vcc = 5.0V. 
2. Duration not to exceed 30 seconds. 


CAPACITANCE 
Ta = 25°C, f = 1.0 MHz 


SYMBOL TEST 


Input Capacitance 


NOTE: This parameter is périodically sampled and not 100% tested. 


A.C. CONDITIONS OF TEST 


PADUT PUlGG LOVAIS 5 05 isa on caddies naeee 4eae nes beak 60a e008 vasenes 
Input Rise and Fall Times ..............0.ccceceecececeeens 
Input and Output Timing Levels .............. cece eee eee 
RUE LARD -p adunen ced aeatSeeunwutaksouenswienteuasuseeress 


Input/Output Capacitance | 8 


CGid ceo ees 004 deen 1.5 Volts 
1 TTL Gate and C, = 100 pF 


2114A FAMILY 


A.C. CHARACTERISTICS Ta =0°C to 70°C, Vcc = 5V + 10%, unless otherwise noted. 


READ CYCLE !1! 


2Q114AL-1 |2114AL-2 | 2114AL-3 peony: pi 
SYMBOL PARAMETER Min. Max.| Min. Max.| Min. Max.| Min. Max. | UNIT 
tco Chip Selection to Output Valid ns 
tex Chip Selection to Output Active ns 
toto Output 3-state from Deselection a) 1 a ee ee ns 


Output Hold from 
toHa Address Change 


WRITE CYCLE [2! 


2114AL-1 2114AL-2 2114AL- 
SYMBOL PARAMETER Min. Max.| Min. Max.| Min. 
Write Cycle Time 
Write Release Time | bo. oe | 
[Ouiputs-state tromwrte | oo | 35 
[pata HeidvomwrteTime [0 | O 


NOTES: = _ 
1. A Read occurs during the overlap of a low CS and a high WE. 
2. A Write occurs during the overlap of a low CS and a low WE. ty is measured from the latter of CS or WE going low to the earlier of CS or WE going high. 


WAVEFORMS 
READ CYCLE® WRITE CYCLE 
trac twc 
<-—________——_—_——— ta 
ADDRESS Co SS 
ADDRESS hee ee 
® twR 
es \\NAAAS WILLLLLLLLLLLL 
“NNNNNNAANNARA, MIN LLLLL 
-— tco——> | |= toto—> , 
tex tOHA WE © K\\\h 
Dour “K 
=—totTw 
NoTes: ——— 
3. WE is high for a Read Cycle. tow tou 
4. If the CS low transition occurs simultaneously with the WE low 
transition, the output buffers remain in a high impedance state. o ~ PE&666aRR 
5. WE must be high during all address transitions. 7 ~ so Ah rte 


intel 2114A FAMILY 


TYPICAL D.C. AND A.C. CHARACTERISTICS 


NORMALIZED ACCESS TIME VS. NORMALIZED ACCESS TIME VS. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


NORMALIZED ta 

o os es gs eS = = = 

a a m N @ © oO a h 
ry 
> 
N 
uo 
a 
8 
or 
S 
uo 
on 
on 
So 

NORMALIZED ta 


Voc(V) Ta (°C) 
NORMALIZED ACCESS TIME VS. NORMALIZED POWER SUPPLY CURRENT 
OUTPUT LOAD CAPACITANCE VS. AMBIENT TEMPERATURE 


0.8 0.6 


0.7 0.5 


NORMALIZED tp 
o far = = =~ = 
ive) Oo = Las) @ > 
3 
a 
o 
nm 
3 
wo 
So 
o 
w 
a 
t=) 
NORMALIZED Icc 
os 9° 9 = = 
N @ o o = 
> 
oO 
g 


1 0 20 80 
C. (pF) Ta (°C) 
OUTPUT SOURCE CURRENT OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE VS. OUTPUT VOLTAGE 


Vou (V) Vor (V) 


loy (mA) 


lon (mA) 


> 
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2115A, 2125A FAMILY 
HIGH SPEED 1K X 1 BIT STATIC RAM 


Max. Taa (ns) 


» Pin Compatible To 93415A = TTL Inputs And Outputs 
(2115A) And 93425A (2125A) 


® Single +5V Supply 


« Fan-Out Of 10 TTL (2115A Family) « Uncommitted Collector (2115A) 
-- 16mA Output Sink Current And Three-State (2125A) Output 


=» Low Operating Power Dissipation « Standard 16-Pin Dual In-Line 
--Max.0.39mW/Bit (2115AL,2125AL) Package 


The Intel® 2115A and 2125A families are high-speed, 1024 words by 1 bit random access memories. Both open collector 
(2115A) and three-state output (2125A) are available. The 2115A and 2125A use fully DC stable (static) circuitry through- 
out — in both the array and the decoding and, therefore, require no clocks or refreshing to operate. The data is read out non- 
destructively and has the same polarity as the input data. 

The 2115AL/2125AL at 45 ns maximum access time and the 2115AL-2/2125AL-2 at 70 ns maximum access time are fully 
compatible with the industry-produced 1K bipolar RAMs, yet offer a 50% reduction in power of their bipolar equivalents. 
The power dissipation of the 2115AL/2125AL and 2115AL-2/2125AL-2 is 394 mW maximum as compared to 814 mW 
maximum of their bipolar equivalents. For systems already designed for 1K bipolar RAMs, the 2115A/2125A and the 
2115A-2/2125A-2 at 45 ns and 70 ns maximum access times, respectively, offer complete compatibility with a 20% reduction 
in maximum power dissipation. 

The devices are directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate select (CS) lead 
allows easy selection of an individual package when outputs are OR-tied. 


The 2115A and 2125A families are fabricated with Intel’s N-channel MOS Silicon Gate Technology. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


CS Dy WE 


WORD 
ORIVER 


SENSE AMPS CONTROL 
AND 


LOGIC 
(SEE TRUTH 
TABLE) 


WRITE 
DRIVERS 


ADDRESS 
DECODER 


Trtf ftt 


| | | 
Ay A, A, A; Ay A, Ag A, Ag Ag cS WE 0D 


COTO CREO OO) Cv ® & 


ADDRESS 
DECODER 


PIN NAMES 


» TOA ADDRESS INPUTS 
we WRITE ENABLE _ 
: DATA INPUT 
DATA OUTPUT 


OUTPUT 
2125A FAMILY 
aD 


2115A, 2125A FAMILY 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias............. ~10°C to +85°C *COMMENT: Stresses above those listed under “Absolute Maxi- 

Storage Temperature.............. -~65°C to +150°C mum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or 

All Output or Supply Voltages. ae Se -0.5V to +7V at any other conditions above those indicated in the operational 

All (npwt VOMAGES .. cca cectaes vee vas ~—0.5V to +5.5V sections of this specification is not implied. Exposure to absolute 

D.C. Output Current ..........0 ccc eee eee 20 mA maximum rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS"! 
Voc = 5V +5%, Ta=O0°C to 75°C 


Vou! 2115A Family Output Low Voltage 

FN Sd 

Mic [nwt tow ota oe 

Tin [lout toweurene —————*d?SS*dt Ot | 40 | A | Vege Move 

Tin [inoue Rin Gene Sid | a] HA | Veo Man Vv 
ee 


plon=-32mA 


Power Supply Current: 
loc1: 2115AL, 2115AL-2, 2125AL, All Inputs Grounded, Output 
2125AL-2 Open 


loca: 2115A, 2115A-2, 2125A, 2125A- 2) 


NOTES: 


1. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute and a two minute 
warm-up. Typical thermal resistance values of the package at maximum temperature are: 


6 5A (@ 400 fpyy air flow) = 45°C/W 
6 JA (still air) = 60° C/W 
6jc = 25° C/W 


2. Typical limits are at Voc = 5V, Ta = +25°C, and maximum loading. 
3. Duration of short circuit current should not exceed 1 second. 
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2115A, 2125A FAMILY 


2115A FAMILY A.C. CHARACTERISTICS!"12! Vcc = 5V +5%, Ta = 0°C to 75°C 
READ CYCLE 
| ree vine Tyo. x ain. Tyo. Max Min Typ. Max [ns Typ. Max Unis 
Symbol Test Min. Typ. Max.|Min. Typ. Max.| Min. Typ. Max.|Min. Typ. Max. 
pms 


So 


10 
0 0 


WRITE CYCLE 


'OH Change of Address 
Symbol Min. Typ. Max.]Min. Typ. Max.|Min. Typ. Max.] Min. Typ. Max. 


Write Enable Time 10 25 10 30 
Write Pulse Width 30 20 30 - 10 
Data Set-Up Time Prior to Write | O -5 | 
0 


Chip Select Hold Time 


Ls 

ras 

ro Pas 
as 

HH as 
ras 

| ns 

ras 

rns 


[op oa 


A.C. TEST CONDITIONS ALL INPUT PULSES 
4.5V FSS 
5102 
M2125A 
Dour 
3002 30pF 
(INCLUDING 
SCOPE AND 
JIG) 


Dour 4 mates ee DATA VALID eat 


READ CYCLE 


PROPAGATION DELAY FROM CHIP SELECT a iets 
cs 
twsa = tWHa—e 
tacs * tacs © sree Mail cr aed bs ‘ twee 
Dour Pour ee UNDEFINED 7 = 


(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V) 
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2115A, 2125A FAMILY 


2125 FAMILY A.C. CHARACTERISTICS" 2! Veg = 5V +5%, Ta = 0°C to 75°C 
READ CYCLE 


40 
Previous Read Data Valid After 
10 1 1 10 


WRITE CYCLE 


1030 
eS DD 
[owso [Date SerUp TimePriontowmne [0-6 [8-8 [0 = 
[rwno | DataHold Time ARerWane [SO [sos 
TC Ra a 
CN a A 
ae Be a a ee 


A.C. TEST CONDITIONS 


4.5V 
3002 
M2115A 
Dour 
6002 30pF 
(INCLUDING 
SCOPE AND 
JIG) 


READ CYCLE WRITE CYCLE 


| 
cs 
Ao Ag 
| 


Xx > 
eee 


GND = _~ “— 10ns —»~ + <+— 10ns 


Dour : | DATA VALID 


cs 1.5V 


Bess HIGH Z 


(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V) 
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2115A, 2125A FAMILY 


2125A FAMILY WRITE ENABLE TO HIGH Z DELAY 


5V 
0 WE 
WRITE ENABLE 1.5V 
750! 
HIGH Z 
D 
OUT “0” LEVEL 
5 pF DATA OUTPUT —— } 0.5V 
“1 LEVEL 
Dout —— } osv 


= DATA OUTPUT 


LOAD 1 


cs 
CHIP SELECT 


DouUT 


DATA OUTPUT “O" LEVEL 


"1" LEVEL 


DouT 
DATA OUTPUT 


(ALL tzxx PARAMETERS ARE MEASURED AT A DELTA 
OF 0.5V FROM THE LOGIC LEVEL AND USING LOAD 1.) 


2115A/2125A FAMILY CAPACITANCE* Vcc=5V, f= 1MHz, Ta = 25°C 


2115A Family 2125A Family 
SYMBOL TEST LIMITS LIMITS 


rm wa ree | ma 
i ee 
Tete 


Output Capacitance 


*This parameter is periodically sampled and is not 100% tested. 


pF CS = 5V, All Other Inputs = OV, 
Output Open 


TYPICAL CHARACTERISTICS 


lcc VS. TEMPERATURE 


lcc VS. Vec ACCESS TIME VS. TEMPERATURE 


110 
Skecz i 7 Zin me 


70 


2115A, 2115A-2 


2125A, 2125A-2 2115AL-2, 2115A-2 


50 2125AL-2, 2125A-2 


Icc (mA) 


Icc (mA) 
~~ 
o 
TAA (ns) 
> 
o 


2115AL, 2115AL-2 
2125AL, 2125AL-2 60 


2115AL, 2115A 
2125AL, 2125A 


| / 216A. 2115AL-2 
2125AL, 2125AL-2 


10 
0 1 2 3 4 5 6 7 8 


Vcc (V) 


TEMPERATURE (°C) TEMPERATURE (°C) 


Printed in U.S.A./E286/1179/PS 
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intel 


2115H, 2125H FAMILY 
HIGH SPEED 1K X 1 BIT STATIC RAM 


| 2iasH1 | 21sH22izsHe | 2tieHS21zsHs | 2115H4,2125H4 
| MaxTaaine) [200 fT 
| Maxtoctmay | 1800 | Tt 


= HMOS II Technology @ TTL Inputs and Outputs 
gw Pin Compatible to 93415A (2115H) and m@ Single +*5V Supply 
93425A (2125H) m= Uncommitted Collector (2115H) and 
@ 16mA Output Sink Current Three-State (2125H) Output 
m@ Low Operating Power Dissipation — m Standard 16-Pin Dual In-Line Package 


Max. 0.53 mW/Bit (2115H-3, 2125H-3) 


The Intel® 2115H and 2125H families are high speed, 1024 words by 1-bit random access memories fabricated with 
HMOSIL, Intel’s advanced N-channel MOS silicon gate technology. Both open collector (2115H) and three-state output 
(2125H) are available. The 2115H and 2125H use fully DC stable (static) circuitry throughout — in both the array and the 
decoding and, therefore, require no clocks or refreshing to operate. The data is read out non-destructively and has the 
same polarity as the input data. 


HMOS II's advanced technology allows the production of the industry’s fastest, low power, 1K static RAMs — offering 
access times as low as 20ns. 


HMOS I allows the production of the 2115H/2125H families, fully compatible with the 1K Bipolar RAMs yet offering 
substantial reductions in power dissipation. The power dissipations of 525mW maximum and 656mW maximum 
compared to 814mW maximum offer reductions of 19% and 36% respectively. 


The devices are directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate select (CS) 
lead allows easy selection of an individual package when outputs are OR-tied. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


WORD 32 X 32 
DRIVER ARRAY 


SENSE AMPS CONTROL 


AND LOGIC 
WRITE (SEE TRUTH out 
DRIVERS TABLE) 


ADDRESS 
DFCODER 


ADDRESS 
DECODER 


GND = PIN8 Pour 
A, A A, AL A, cS sWE Din 
ODDIA DO 1 eB 
PIN NAMES 


ho TO Ag ADDRESS INPUTS 
Wwe WRITE ENABLE 
Dw DATA INPUT 


Dout DATA OUTPUT 


2115H/2125H FAMILY 


ABSOLUTE MAXIMUM RATINGS“ 


Temperature Under Bias............. -~10°C to +85°C *COMMENT: Stresses above those listed under ‘Absolute Maxi- 

Storage Temperature.............. -65°C to +150°C mum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or 

All Output or Supply Voltages. ......... '-0.5V to +7V at any other conditions above those indicated in the operational 

All Input Voltages. .....0 584% 0.54.5 -1.5V to+7V sections of this specification is not implied. Exposure to absolute 

D.C. Output Current ............00000 eee 20 mA maximum rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS "2! 
Vcc = 5V +5%, Ta =O Cto75 C 


ie moma [ow Pacem 
a ee 
ee fe 


2115H Family Output Leakage Current tet Vec = Max., Vout = 4.5V 


2125H Family Output Current (High Z) | Veo =Max., Vour = 0.5V/24V = | Veo =Max., Vour = 0.5V/24V Vout = 0.5V/2.4V 


2125H Family Current Short Circuit i, = Wha. 
to Ground cc 
Vow | Family Output High Voltage Output High Voltage TZ lon = —5.2 mA 


Power Supply Current: 


loci: 2125H-1 
_ 2115H-2/2125H-2 All Inputs Grounded, Output 
* 2115H-4/2125H-4 Open 


> 2115H-3/2125H-3 


NOTES: 
1. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. 
2. Typical limits are at Vcc = 5V, Ta = +25°C, and maximum loading. 
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2115H/2125H FAMILY 


2115H FAMILY A.C. CHARACTERISTICS = Vcc = 5V +5%, Ta = 0°C to 75°C 
READ CYCLE 


eee Te ee 2115H-2 Limits 2115H-3 Limits 2115H-4 Limits tiie 
Test Min. Max. Min. Max. Min. Max. 

[tics | ChipSelectTime TST Ts 
Toes Ti] Gh select Recovery Time Om 
rin f= | Adios AeesTing 


30 |S | s 
ton [1] Previous Read Data Valid After 
Change of Address 
WRITE CYCLE 


symbol | Test Min Max, | Min. Max | Min. Max. | Unite 


a 
[iweo | Data Setup Time Prortowete 0 
Timo | DataHols Tine Aterwrte Sd 
CO 
: a 

: Ts 

Pe 


twa | Address Hold Time 
| twscs | Chip Select Set-Up Time 


Chip Select Hold Time 


[1] These specifications are guaranteed by design and not production tested. 


A.C. TEST CONDITIONS 


ALL INPUT PULSES 


Vcc 
! 
! 
300°? ! ! 
; ' 
“ar GND = =| |= 5ns —+| js— 5ns 
Pour 
6005. 30pF 
(INCLUDING 
SCOPE AND 
JIG) 
wali = ; 
= LOAD FOR trcs. tws = a= “| ns —+ }— 5ns 
READ CYCLE WRITE CYCLE 


i: 


See eo \ 
Dour ee DATA VALID ; = 


WE | | 


PROPAGATION DELAY FROM CHIP SELECT 


twsp ake tWHD 
ts | 


—_— tacs Saal +tecs> 


=o DATA 
Pout Pout UNDEFINED 


(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V) 


2115H/2125H FAMILY 


2125H FAMILY A.C. CHARACTERISTICS = Vcc = 5V +5%, Ta =0'C to 75°C 


READ CYCLE 
2125H-2 Limits 2125H-3 Limits 2125H-4 Limits 
Symbol Test Min. Max.| Min. Max.| Min. Max. 
as a Ee 


Chip Select Time ns 
ns 
S 


2125H-1 Limits 
Min. 


cs ee 


AA 
Previous Read Data Valid After 
ton [1)] n 
Change of Address 
WRITE CYCLE 


Cans ti] Wite Grable woHIGHZ | 
twa | Write Recovery Time 
tw | Write Pulse Width 


ftwa | Wri oO 8 
| tw | Write Pulse Width ie 
Pins | Date SetUp Time Porto wrte | 0 
Pwo | ata Hold Time AferWrie [0 
Pisa [Address SetUp Time [8 
wna Ti[ Address Hold Time 
| twscs | Chip Select Set-Up Time |e .. | 
Chip Select Hold Time io; | 


[1] These specifications are guaranteed by design and not production tested. 


A.C. TEST CONDITIONS 


ALL INPUT PULSES 
Vcc 


510{2 
2125H I 
Dour 
30022 30pF 
(INCLUDING Se ey —="- 10% 
SCOPE AND 3.0V p-p 
JIG) Ned ' “| Se ee ee oe | ~ — 90% 
| ; 4 1 ot 
—— GNo > —" ‘+ 5ns —e| |<— 5ns 
READ CYCLE WRITE CYCLE 


| 
cs 
a a > 
lout DATA VALID 


WE 


cs 1.5V 


= 'wsa—> 


'‘wscs ————— 


Dour 


(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V) 
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2115H/2125H FAMILY 


2125H FAMILY WRITE ENABLE TO HIGH Z DELAY 


WRITE ENABLE 
5102 


DOoUT bai HIGH Z 
5 pF DATA OUTPUT REVEL —— } osv 
“1 LEVEL 
DouT ——— } osv 
DATA OUTPUT \ HIGH? 


LOAD 1 


cs 
CHIP SELECT 1.5V 


t =—_— a= a= am 
Dour ZRCS 


DATA OUTPUT “O" LEVEL + nig 
“a LEVEL 
sede ocemnJe 0.5V 
DATA OUTPUT LV HIGH zZ 


(ALL tax PARAMETERS ARE MEASURED AT A DELTA 
OF 0.5V FROM THE LOGIC LEVEL AND USING LOAD 1.) 


2115H/2125H FAMILY CAPACITANCE® Vcc= 5V, f= 1MHz, Ty, = 25°C 


2115H Family 2125H Family 
SYMBOL LIMITS LIMITS UNITS TEST CONDITIONS 


ERGLISAG 


p CS = 5V, All Other Inputs = OV, 
Output Open 


*This parameter is periodically sampled and is not 100% tested. 
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intel 


2118 FAMILY 
16,384 x 1 BIT DYNAMIC RAM 


Maximum Access Time (ns) 


Read, Write Cycle (ns) 
Read-Modify-Write Cycle (ns) 
& Single +5V Supply, +10% Tolerance # CAS Controlled Output is 


Three-State, TTL Compatible 


= HMOS Technology w RAS Only Refresh 


= Low Power: 150 mW Max. Operating = 128 Refresh Cycles Required 
11 mW Max. Standby Every 2ms 
= Page Mode and Hidden 
@ Low Vpp Current Transients Refresh Capability 
& All Inputs, Including Clocks, = Allows Negative Overshoot 
TTL Compatible Vit min = -2V 


The Intel® 2118 is a 16,384 word by 1-bit Dynamic MOS RAM designed to operate from asingle +5V power supply. The 
2118 is fabricated using HMOS — a production proven process for high performance, high reliability, and high storage 
density. 


The 2118 uses a single transistor dynamic storage cell and advanced dynamic circuitry to achieve high speed with low 
power dissipation. The circuit design minimizes the current transients typical of dynamic RAM operation. These low 
current transients contribute to the high noise immunity of the 2118 in a system environment. 


Multiplexing the 14 address bits into the 7 address input pins allows the 2118 to be packaged in the industry standard 
16-pin DIP. The two 7-bit address words are latched into the 2118 by the two TTL clocks, Row Address Strobe (RAS) and 
Column Address Strobe (CAS). Non-critical timing requirements for RAS and CAS allow use of the address multiplexing 
technique while maintaining high performance. 


The 2118 three-state output is controlled by CAS, independent of RAS. After a valid read or read-modify-write cycle, data 
is latched on the output by holding CAS low. The data out pin is returned to the high impedance state by returning CAS to 
a high state. The 2118 hidden refresh feature allows CAS to be held low to maintain latched data while RAS is used to 
execute RAS-only refresh cycles. 


The single transistor storage cell requires refreshing for data retention. Refreshing is accomplished by performing RAS- 
only refresh cycles, hidden refresh cycles, or normal read or write cycles on the 128 address combinations of Ag through 
Ag during a 2ms period. A write cycle will refresh stored data on all bits of the selected row except the bit which is 
addressed. 


PIN BLOCK DIAGRAM 


CONFIGURATION LOGIC SYMBOL 
-—Vpp 

a 64 x 128 CELL y 

. 


128 SENSE 
AMPLIFIERS 

1 OF 64 COLUMN 
a DECODERS 


=! 1 OF 64 
ROW 64 x 128 CELL 
DECODERS MEMORY ARRAY 


/ Dout 
GATING | BUFFER 
RAS CLOCK ; CLOCK il WRITE L DATA iT 
GENERATOR GENERATOR ENABLE INPUT 
NO. 1 NO. 2 BUFFER BUFFER 


OUTPUT 


S > > >> > > 


awn e& wn — 
ADDRESS BUS 


CAS 
We 
On 


2118 FAMILY 


ABSOLUTE MAXIMUM RATINGS“ 


Ambient Temperature Under Bias -10°C to+80°C 
Storage Temperature ............. -65°C to +150°C 
Voltage on Any Pin Relative to Vss_ ............ 7.5V 
Data Out Current, o0ccis< sca n< au nes sees tesduas 50mA 
POWSPDISSIDMUION, 64 Siw cds ian ne vk cen atten ave 1.0W 


*COMMENT: 


Stresses above those listed under “Absolute Maximum 
Rating” may cause permanent damage to the device. This 
is a stress rating only and functional operation of the de- 
vice at these or at any other condition above those indi- 
cated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS"! 
Ta = 0°C to 70°C, Vop = 5V +10%, Vss = OV, unless otherwise noted. 


Limits 
Symbol Typ.| Max. 


| Min. | Test Conditions Notes 
hil [Input Load Current (any input) |__| 01 | 10 | ué|VineVss to Voo 
High Impedance State 0.1 10 | wA| Vout = 0 to 5.5V 
loo1__|Vop Supply Current, Standby |_| 1:2 | 2 | mAlCASand RAS atVin 
loo2 | Vop Supply Current, Operating | | 28 | 27 |mA|2118-10,trc=tromn ss |S 
| | 21 | 25 | mal 2118-12, tac=trcomn | 
|| 19 | 23 | ma] 2118-15, tac=tromn | 
loos | Vop Supply Current; RAS-Only |__| _16 | 18 |mA[2118-10,tac=tacmn | 
Cycle || 14 | 16 | mA] 2118-12, tac=tacmn | 
[42 [14 ma] 2i78-16, tao=tacmm ———=«dt~—C* 
= [eam [L(+ [penne 
Output Enabled 
Vic Input Low vottage ‘aitinputs) 20 | [oe |v| 
Vor [OutputLow voltage | | df OM | V ig =42mA 
NOTES: 


1. All voltages referenced to Vss. 
2. Typical values are for TA = 25°C and nominal supply voltages. 


3. Ipp is dependent on output loading when the device output is selected. Specified |p, MAx is measured with the output open. 


CAPACITANCE! 
Ta = 25°C, Vpp = 5V +10%, Vss = OV, unless otherwise noted. 


a 
Address, Data In 


RAS, CAS, WE, Data Out 


NOTES: 
|. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation: 
Cc = At with Av equal to 3 volts and power supplies at nominal levels. 
AV 
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2118 FAMILY 


A.C. CHARACTERISTICS" 2”) 
Ta = 0°C to 70°C, Vpp = 5V +10%, Vss= OV, unless otherwise noted. 
READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES 


teen _| CAS Precharge Timeinon-page cycles) ee ee 
tcrp__| CAS to RAS Precharge Time i a ee eer 


tRCD RAS to CAS Delay Time 
tRSH RAS Hold Time 7 


tCSH 


eG re 
[os 
ro | 
CAS Hold Time SSS NO 
"Row Aaaress SetUp Time —SSC~id 
Row Adgress Hold Time SSOSCS~— i 
"Column aaaress Set-Up Time —=~=~=~—dC 
Co 
380 
os 
[15 10000, 


taSR 
tRAH 
tasc 
Column Address Hold Time 5 


tCAH 


0 
tar Column Address Hold Time, to RAS 
tT Transition Time (Rise and Fall) 3 50 
5 


tOFF 


115 10000 
5 10000 


20 

z 

10000 |} 175 19000 
95 


10000 10000 


a 
ca ce eee 
WRITE CYCLE 


Cn 
cs 
— 
— 
ea 
— 
ne | 
Pr 
Pos 
Pre 
“se 
Cn 
eae 

coe 
Cn 

rns 

Dn 

Dns 

Cn 

Cre 

ons 

ns 

rr] 

Dns 

rns 

Dn 

= 


tRAS 


twcr Write Command Hold Time, to RAS 


as 
Ts 


tDHR 


READ-MODIFY-WRITE CYCLE 


410 
190 10000} 265 
120 10000 


10000 


CAS to WE Delay 


NOTES: 
All voltages referenced to Vss. 


= 


7. taco (max.) is specified as a reference point only; if taco is less 
2. Eight cycles are required after power-up or prolonged periods than taco (max.) access time is trac, if tacp is greater than taco 
(greater than 2ms) of RAS inactivity before proper device (max.) access time is taco + tcac. 
operation is achieved. Any 8 cycles which perform refresh are 8. tr is measured between Vin (min.) and Vit (max.). 
adequate for this purpose. 9. twcs, tcwo and trwo are specified as reference points only. If 
3. A.C. Characteristics assume tt-= 5ns. twcs 2 twcs (min.) the cycle is an early write cycle and the data 
4. Assume that taco < trcp (max.). If taco is greater than trco out pin will remain high impedance throughout the entire 
(max.) then trac will increase by the amount that taco exceeds cycle. If tcwn 2 tcwo (min.) and tawo = trwo (min.), the cycle is 


tRCD (max.) 


5. Load = 2 TTL loads and 100pF. 


6. Assumes trcp = trcpo ‘max.) 
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a read-modify-write cycle and the data out will contain the data 
read from the selected address. If neither of the above 
conditions is satisfied, the condition of the data out is 
indeterminate 


2118 FAMILY 


WAVEFORMS 


READ CYCLE trc 
tRAS —+— trp 

Vv 
— 1H (1) 
RAS 

Vit @) 

tcsH topy 
(8) tcrp —> 
trop tasq ———___> 


Vie 
tasr <_ tae] fee 


MH DV, \J 
ROW COLUMN 
moonesses [acorns KX (lem, XO 
Vie 
ee ae REN * tron 


= Vin 
WE 
Vit Ko ey 
5 Vou VALID 
oT en IMPEDANCE DATA OUT 
WRITE CYCLE trc 
tras —tpp 

_ Vin 
RAS 

Vit 

(8) tcrp 

Min 

CAS V 


tasr —— 
Vv, \A0) 
1H 
ROW COLUMN 
Vi /N K x ESS 


t 
a ai 
z TowL 


my | ® i 
E wP 
7 Vit ‘ i ; 
es 2 a 


©) tps —> + tp ©) ——> 
V ’ 
Vit a \ 


tpHR 


VoH HIGH 
OUT VoL IMPEDANCE 


NOTES: 1,2. Vin min AND Vit max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3.4. Von min AND Vo. max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dour. 
5. torr ISMEASURED TO lout < |ILo|. 
6. tos AND toy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 
7. tach IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 
8. terp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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2118 FAMILY 


WAVEFORMS 
READ-MODIFY-WRITE CYCLE 


aa 


woe tap -——> 
Vv 
RAS 1H 1 
Vie 
(8)tcrp tcpn 
Vin 
CAS vy 


ADDRESSES y appress FL AY appress y\ 


Vou 
VoL IMPEDANCE 


Dou ! 


RAS-ONLY REFRESH CYCLE 


tRc 


tras RP 
Vin 
—— a 
(1) (>) 
RAS Va J | 2) 
E tcre (8 
Vin 
CAS 
Vit 
taser + tra 
Vin 3 
~ ROW h/ 
ADDRESSES X_  avpress A 
Vie — 
2) 
Von HIGH 
Dout 
— IMPEDANCE 


HIDDEN REFRESH CYCLE 
(For Hidden Refresh Operation order 2118-10 S6445, 2118-12 S6446 or 2118-15 S6447) 


tre 


thas ——> tre tras =+— [ras tap 
Vin 
RAS 
Vin 
a 
8 ) tcrP tcas tcpn 
Vin 
CAS 
Vie 
tran tRAH 
tasr\ tasr — 
A 
Vit f BSOOnESS TN ADDRESS /\ / MADORESS FN /N é\ 
2 Q) 
al tacs — | tRCH 
Vin 
WE oy, 
Vit 2 
tcac 
TRAC => 
(3) 
i (| = VALID DATA 
Vou = 


NOTES: 1,2. Vin min AND Vit max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. Von min AND Vo. max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dour. 
5. torr ISMEASURED TO lout € |ILol. 
6. tos AND toy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 
7. tach 1S REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 
8. tcrp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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2118 FAMILY 


D.C. AND A.C. CHARACTERISTICS, PAGE MODE!’®""! 
Ta = 0°C to 70°C, Vpp = 5V +10%, Vss = OV, unless otherwise noted. 
(For Page Mode Operation order 2118-10 S6329, 2118-12 S6330 or 2118-15 S6331) 


2118-10 2118-12 2118-15 
$6329 $6330 $6331 
tec 


[Page Mode Read or Write Cycle ——SCS~=~*~—dCSOSSC*‘“dCNSS~S*d OCC 


lIpp4 Vpp Supply Current Page Mode, 
Minimum tec, Minimum tcas 17 15 mA 


WAVEFORMS 
PAGE MODE READ CYCLE 


trem 
tar 


tcas ——e ‘cas ‘cas mei tcpn 


ly 
—__. Vine No 
CAS 
; : ae 
tcaAH 
sin + | + w 


wows: THERMEK | ASX WS 


trac torr torr 
Vou @) 6) 
Dour ( Y ‘ > 4 ) 
Vou @ 


NOTES: 1,2. Vin min AND Viv max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. Von min AND Vo. max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Doyt. 


5. torr ISMEASURED TO lout -- IILol. 
6. tac IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 
7. ALL VOLTAGES REFERENCED TO Vss. 
8. AC CHARACTERISTIC ASSUME ty = 5ns. 
9. SEE THE TYPICAL CHARACTERISTICS SECTION FOR VALUES OF THIS PARAMETER 
UNDER ALTERNATE CONDITIONS. es — 
10. tenp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
11. ALL PREVIOUSLY SPECIFIED A.C. AND D.C. CHARACTERISTICS ARE APPLICABLE TO THEIR 
RESPECTIVE PAGE MODE DEVICE (i.e., 2118-10 S6329 WILL OPERATE AS A 2118-10). 
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PAGE MODE 
WRITE CYCLE 


tRPM 


tcas 


K/ \J COL \41 COL -¥/ 
KMisoo XK | soo 


z 


PAGE MODE READ-MODIFY-WRITE CYCLE 


=. - trpy 
—— Vin “yy 
RAS YD > 
Vit @ 
tpcm 
(7) tere 


trcp tcrw tcp tcrw 
Vv 
cas ‘IM \ 


® 
— tar- 
tRAH ma 
tasr a Ms 


_ ot KN 

DRESSE ‘ Y ¥ 
ADDRESSES M aco A x 
i 


tcac 


NOTES: 1,2. Vin min AND Vit max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. Von min AND Vor max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dou. 
5. torr ISMEASURED TO lout < |ILol- 
6. tps AND toy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 
7. tacH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST 
8. 


tcre REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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TYPICAL SUPPLY CURRENT WAVEFORMS 


i oe oe oe 
ie aaa 
es LD 


RAS ONLY REFRESH 


TIME (ns) 


Typical power supply waveforms vs. time are shown for 
the RAS/CAS timings of Read/Write, Read/Write (Long 
RAS/CAS), and RAS-only refresh cycles. Ipp current 
transients at the RAS and CAS edges require adequate 


decoupling of these supplies. 


The effects of cycle time, Vpp supply voltage and ambient 


temperature on the Ipp current are shown in graphs 
included in the Typical Characteristics Section. Each 
family of curves for Ipp1, Ipp2, and Ipp3 is related by a 
common point at Vpp = 5.0V and T, = 25°C for two given 
tras Pulse widths. The typical Ipp current for a given 
condition of cycle time, Vpp and Ta can be determined by 
combining the effects of the appropriate family of curves. 
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TYPICAL CHARACTERISTICS 


GRAPH 1 
TYPICAL ACCESS TIME 
trac (NORMALIZED) VS. Vpp 
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TYPICAL OPERATING CURRENT 
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GRAPH 2 
TYPICAL ACCESS TIME 
trac (NORMALIZED) VS. 


AMBIENT TEMPERATURE 
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50 


GRAPH 3 
TYPICAL STANDBY CURRENT 
Ipp1 VS. Vop 


Vpp— SUPPLY VOLTAGE (VOLTS) 


GRAPH 6 
TYPICAL OPERATING CURRENT 


tras = 115ns 
tac = 235ns 
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GRAPH 9 
TYPICAL RAS ONLY 
REFRESH CYCLE 


lpp3 VS. Vop 
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TYPICAL CHARACTERISTICS 


GRAPH 10 
TYPICAL RAS ONLY 
REFRESH CURRENT 
lpp3 VS. AMBIENT TEMPERATURE 
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DEVICE DESCRIPTION 


The Intel® 2118 is produced with HMOS, a high 
performance MOS technology which incorporates on 
chip substrate bias generation. This process, combined 
with new circuit design concepts, allows the 2118 to 
operate from a single +5V power supply, eliminating the 
+12V and -5V requirements. Pins 1 and 9 are not 
connected, which allows P.C.B. layout for future higher 
density memory generations. 


The 2118 is functionally compatible with the industry 
standard 16-pin 16K dynamic RAMs, except for the power 
supply requirements. Replacing the +12V supply with a 
+5V supply and eliminating the -5V bias altogether, 
allows simple upgrade both in power and performance. 
To achieve total speed performance upgrade, however, 
the timing ciruitry must be modified to accommodate the 
higher performance. 


READ CYCLE 


A Read cycle is performed by maintaining Write Enable 
(WE) high during a RAS/CAS operation. The output pin of 
a selected device will remain in a high impedance state 
until valid data appears at the output at access time. 


Device access time, tacc, is the longer of the two 
calculated intervals: 


1. tacc = trac OR 2. tacc = trcp + tcac 


Access time from RAS, trac, and access time from CAS, 
tcac, are device parameters. Row to column address 
strobe delay time, trcp, are system dependent timing 


GRAPH 11 
TYPICAL OUTPUT SOURCE CURRENT 
lon VS. OUTPUT VOLTAGE Voy 


VoH~ OUTPUT VOLTAGE (VOLTS) 


GRAPH 12 
TYPICAL OUTPUT SINK CURRENT 
lo. VS. OUTPUT VOLTAGE Vo, 


Ta = 25°C 
Vop = 5.0V 
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— OUTPUT SINK CURRENT (mA) 
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o 


Vo_— OUTPUT VOLTAGE (VOLTS) 


parameters. For example, substituting the device para- 
meters of the 2118-3 yields: 


3. tacc = trac = 100nsec for 25nsec < tracp < 45nsec 
OR 
4. tacc = tacp + tcac = trcp + 55nsec for tacp > 45nsec 


Note that if 25nsec < trcp < 45nsec device access time is 
determined by equation 3 and is equal to tRAc. If tacp > 
45nsec access time is determined by equation 4. This 
20nsec interval (shown in the tRCD inequality in equation 
3) in which the falling edge of CAS can occur without 
affecting access time is provided to allow for system 
timing skew in the generation of CAS. 


REFRESH CYCLES 


Each of the 128 rows of the 2118 must be refreshed every 2 
milliseconds to maintain data. Any memory cycle: 


1. Read Cycle 

2. Write Cycle (Early Write, Delayed Write or Read- 
Modify-Write) 

3. RAS-only Cycle 


refreshes the selected row as defined by the low order 
(RAS) addresses. Any Write cycle, of course, may change 
the state of the selected cell. Using a Read, Write, or Read- 
Modify-Write cycle for refresh is not recommended for 
systems which utilize “wire-OR” outputs since output bus 
contention will occur. 


A RAS-only refresh cycle is the recommended technique 
for most applications to provide for data retention. A RAS- 
only refresh cycle maintains the Dout in the high 
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impedance state with a typical power reduction of 30% 
over a Read or Write cycle. 


RAS/CAS TIMING 


RAS and CAS have minimum pulse widths as defined by 
tRAs and tcas respectively. These minimum pulse widths 
must be maintained for proper device operation and data 
integrity. A cycle, once begun by bringing RAS and/or 
CAS low must not be ended or aborted prior to fulfilling 
the minimum clock signal pulse width(s). Anewcyclecan 
not begin until the minimum precharge time, trp, has been 
met. 


DATA OUTPUT OPERATION 


The 2118 Data Output (DouT), which has three-state 
capability, is controlled by CAS. During CAS high state 
(CAS at Vin) the output is in the high impedance state. The 
following table summarizes the Dout state for various 
types of cycles. 


Intel 2118 Data Output Operation 
for Various Types of Cycles 


Type of Cycle 


Dour State 


Read Cycle Data From Addressed 
Memory Cell 

Early Write Cycle HI-Z 

RAS-Only Refresh Cycle | HI-Z 

CAS-Only Cycle HI-Z 


Read/Modify/Write Cycle | Data From Addressed 
Memory Cell 
Delayed Write Cycle Indeterminate 


HIDDEN REFRESH 


An optional feature of the 2118 is that refresh cycles may 
be performed while maintaining valid data at the output 
pin. This feature is referred to as Hidden Refresh. Hid- 
den Refresh is performed by holding CAS at Vi and 
taking RAS high and after a specified precharge period 
(tap), executing a “RAS-Only” refresh cycle, but with CAS 
held low (see Figure 1.) 


MEMORY REFRESH 
CYCLE CYCLE 


RAS 


CAS \ / 
HIGH Z 
Dout DATA 


Figure 1. Hidden Refresh Cycle. 
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This feature allows a refresh cycle to be “hidden” among 
data cycles without affecting the data availability. 


POWER ON 


After the application of the Vpp supply, or after extended 
periods of bias (greater than 2ms) without clocks, the 
device must perform a minimum of eight (8) initialization 
cycles (any combination of cycles containing a RAS clock 
such as RAS-only refresh) prior to normal operation. 


The Vpp current (Ipp) requirement of the 2118 during 
power on is, however, dependent upon the input levels of 
RAS and CAS. If the input levels of these clocks are at ViH 
or Vpp, whichever is lower, the |lpp requirement per device 
iS Ipp1 (Ipp standby). If the input levels for these clocks 
are lower than Vj or Vpp the Ipp requirement will be 
greater than Ipp1, as shown in Figure 2. 


< 3 RAS and CAS held at Vss. 
: | 
@) 

2 —— 

/ a 

ae RAS and CAS tracking Vpp. 
0 1 2 3 4 5 
Vpp (VOLTS) 


Figure 2. Typical Ipp VS Vpp during power up. 


For large systems, this current requirement for |DD could 
be substantially more than that for which the system has 
been designed. A system which has been designed, 
assuming the majority of devices to be operating in the 
refresh/standby mode, may produce sufficient Ipp 
loading such that the power supply may current limit. To 
assure that the system will not experience such loading 
during power on, a pullup resistor for each clock input to 
Vpp to maintain the non-selected current level (Ipp;) for 
the power supply is recommended. 


2141 
4096 X 1 BIT STATIC RAM 


Max. Access Time (ns) 


Max. Active Current (mA) 
Max. Standby Current (mA) 


w HMOS Technology @ Automatic Power-Down 
@ Industry Standard 2147 Pinout @ Directly TTL Compatible — All Inputs 
= Completely Static Memory — No Clock and Output 
or Timing Strobe Required = Separate Data Input and Output 
mw Equal Access and Cycle Times m@ Three-State Output 
@ Single +5V Supply @ High Density 18-Pin Package 


The Intel® 2141 is a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using HMOS, a high- 
performance MOS technology. It uses a uniquely innovative design approach which provides the ease-of-use features 
associated with non-clocked static memories and the reduced standby power dissipation associated with clocked static 
memories. To the user this means low standby power dissipation without the need for clocks, address setup and hold 
times, nor reduced data rates due to cycle times that are longer than access times. 


CS controls the power-down feature. In less than a cycle time after CS goes high — deselecting the 2141 — the part 
automatically reduces its power requirements and remains in this low power standby mode as long as CS remains high. 
This device feature results in system power savings as great as 85% in larger systems, where the majority of devices are de- 
selected. 


The 2141 is placedinan18-pin package configured with the industry standard pinout, the same as the 2147. It is directly TTL 
compatible in all respects: inputs, output, and a single +5V supply. The data is read out nondestructively and has the same 
polarity as the input data. A data input and a separate three-state output are used. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 
18 [J Vcc G) 
17 J Ag Ao Vcc 
16 [] Az Ay @ -—— GND 
151 As (3) 
A2 


141) Ag 
13 1 Aio 
127) An 
11 {J Ow 
10] cs 


MEMORY ARRAY 
64 ROWS 
64 COLUMNS 


PIN NAMES 


Ao 

WE WRITE ENABLE GND GROUND 
cs CHIP SELECT 

Din DATA INPUT 


Dour _DATAOUTPUT [| ———S—~*S 


TRUTH TABLE = 
a 


NOT SELECTED STANDBY 


WRITE ACTIVE 
READ ACTIVE WE 


2141 


ABSOLUTE MAXIMUM RATINGS* "COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings’ may cause permanent damage to the 
Temperature Under Bias ............... -10°C to 85°C device. This is a stress rating only and functional opera- 
Storage Temperature ............... -65°C to +150°C tion of the device at these or any other conditions above 
Voltage on Any Pin With those indicated in the operational sections of this specifi- 
RESPECltiOGFOuUNd ..s.isccsasiscasenss -1.5V to +7V cation is not implied. Exposure to absolute maximum 
Power DISSIDGHON  cciwsvaweeseeasiacewecasesees 1.2W rating conditions for extended periods may affect device 
OC, OuUlsur Curent side cis wdacdastéuarvereeds 20mA reliability. 


D.C. AND OPERATING CHARACTERISTICS 


Ta = 0°C to 70°C, Voc = +5V 10% unless otherwise noted. 


2141-2/-3 2141-4/-5 2141L-3/L-4/L-5 
Symbol Parameter Min. Typ.!'] Max.| Min. Typ.!") Max.| Min. Typ.!'] Max. Conditions 
| Input Load Current 0.01 10 0.01 10 0.01 10 uA | Voc=Max., ViIN= 
(All Input Pins) GND to Vcc 
IILo| Output Leakage 0.1 10 0.1 10 0.1 10 | wA | CS=Vin, Voc=Max., 
Current Vout=GND to 4.5V 
loc Operating Current 40 | mA | Voc=Max., CS=Vic, 
Outputs Open 
Isp Standby Current mA | Vcc=Min. to Max., 
CS=ViH 


Ipo [2] Peak Power-On mA | Vcc=GND to Vcc Min. 
Current CS=Lower of Vcc or 
ein Min. 
ViL Input Low Voltage -1.0 0.8 | -1.0 0.8 | -1. 1.00 08 | 
ViH Input High Voltage 6.0 | 2.0° 6.0 | 2.0 6.0 i 


los’! | Output Short Circuit | -120 120 |-120 —— -120 120 Sr GND to Vcc 
Current 


Notes: 1. Typical limits are at Vcc = 5V, Ta = +25°C, and specified loading. 
2. Icc exceeds Isp maximum during power-on, as shown in Graph 7. A pull-up resistor to Vcc on the CS input is required to 
keep the device deselected; otherwise, power-on current approaches Icc active. 
3. Duration not to exceed one minute. 


A.C. TEST CONDITIONS 


Input Pulse Levels GND to 3.5 Volts 
Input Rise and Fall Times 10 nsec 
Input and Output Timing Reference 

Levels 1.5 Volts 
Output Load 1 TTL Load plus 100pF 


CAPACITANCE “! 
Ta = 25°C, f = 1.0MHz 


[Parameter [Max 
Input Capacitance rs Ts 


Output Capacitance 


Note 4. This parameter is sampled and not 100% tested. 
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A.C. CHARACTERISTICS 


Ta = 0°C to 70°C, Voc = +5V+10%, unless otherwise noted. 


READ CYCLE 
eae 2141-2 2141-3/L-3 | 2141-4/L-4 | 2141-5/L-5 
Symbol Parameter Min. Max. | Min. Max. | Min. Max. | Min. Max. | Unit 
these wo [veo [0 [280 |e 


WAVEFORMS 


READ CYCLE NO. 1/*”! 


tac - 


ADDRESS 


taa 


DATA OUT PREVIOUS DATA VALID DATA VALID 


READ CYCLE NO. 2'*°! 


— tre 


+3 


tacs 
+ uz 
-—-tLz | 


HIGH IMPEDANCE HIGH 
DATA OUT Y VY DATA VALID 
Ae A IMPEDANCE 


~<——— tpp 


Vcc 
SUPPLY 
CURRENT gg 


Notes: 
1. Chip deselected for greater than 55ns prior to selection. 
2. Chip deselected for a finite time that is less than 55ns prior to selection. (If the deselect time is Ons, the chip is by definition 
selected and access occurs according to Read Cycle No. 1.) 
. At_any given temperature and voltage condition, tHz max is less than tLz min both for a given device and from device to device. 
. WE is high for Read Cycles. __ 
. Device is continuously selected, CS= Vit. __ 
. Addresses valid prior to or coincident with CS transition low. 


a 


1-29 


anh W 


2141 


A.C. CHARACTERISTICS Ta =0°C to 70°C, Voc = +5V+10%, unless otherwise noted. 
WRITE CYCLE 


nue alae tee 2141-4/L-4 | 2141-5/L-5 
Symbol Parameter Min. Max. | Min. Max. | Min. Max. | Unit 
tcw Chip Selection to End of Write 180 | 230-28 | 
taw Address Valid to End of Write 135 180 | 230 =| sons 
eter 8 
bad 


tas Address Setup Time See eee eS eee ns 
twp Write Pulse Width ee ee ee 75 ns 
twR Write Recovery Time eB Oe Be Ot | ns 
tow Data Valid to End of Write Le Le ee eee ns 
twz Write Enabled to Output in High Z 10 70 10 80 10 80 10 80 ns 


WAVEFORMS 
WRITE CYCLE #1 (WE CONTROLLED) 


ADDRESS 


io} 


a \ A ALL LLL L/L 


twr 


DATA IN 


= ™ 


DATA IN VALID 


tow 


HIGH IMPEDANCE 


DATA OUT DATA UNDEFINED 


WRITE CYCLE #2 (CS CONTROLLED) 


ADDRESS 


twe 
cs a 
taw 


twrR 


twe 


BECSEEREEERE F/I SS L/S S11 


x tow tou 
DATA IN e | DATA IN VALID 


a 


HIGH IMPEDANCE 


DATA OUT DATA UNDEFINED 


Note: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
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TYPICAL D.C. AND A.C. CHARACTERISTICS 


GRAPH 1 GRAPH 2 GRAPH 3 
SUPPLY CURRENT VS. SUPPLY CURRENT VS. OUTPUT SOURCE CURRENT VS. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE OUTPUT VOLTAGE 


loc. Iog (mA) 


0 1.0 2.0 3.0 4.0 
Vout (V) 
GRAPH 4 GRAPH 5 GRAPH 6 
NORMALIZED ACCESS TIME NORMALIZED ACCESS TIME VS. OUTPUT SINK CURRENT VS. 
VS. SUPPLY VOLTAGE AMBIENT TEMPERATURE OUTPUT VOLTAGE 
: 2 
4 al 
> 3 
5 S 
4 > 
"4.50 4.75 5.00 5.25 5.50 “9 20 40 60 80 0 1.0 2.0 3.0 4.0 
Vee (V) Ta ('C) Vour (V) 
GRAPH 7 GRAPH 8 GRAPH 9 
TYPICAL POWER-ON CURRENT ACCESS TIME CHANGE VS. ACCESS TIME CHANGE VS. 
VS. POWER SUPPLY VOLTAGE INPUT VOLTAGE OUTPUT LOADING 
8 7 
~ £ 3 
0 g r 
> 5 3 
Z 5 : 
$ iy 5 
Ta = 25°C 
1KQ CS PULL-UP RESISTOR TO Vcc 
0 1.0 2.0 3.0 4.0 5.0 
Vec (V) 
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DEVICE DESCRIPTION 


The 2141 is produced with HMOS, a new _ high- 
performance MOS technology which incorporates on- 
chip substrate bias generation to achieve high- per- 
formance. This process, combined with new design ideas, 
gives the 2141 its unique features. Both low power and 
ease-of-use have been obtained in a single part. The low- 
power feature is controlled with the Chip Select input, 
which is not a clock and does not have to be cycled. 
Multiple read or write operations are possible during a 
single select period. Access times are equal to cycle times, 
resulting in data rates up to 8.3 MHz for the 2141-2. Thisis 
considerably higher performance than for clocked static 
designs. 


Whenever the 2141 is deselected, it automatically reduces 
its power requirements to a fraction of the active power, as 
shown in Figure 1. This is achieved by switching off the 
power to unnecessary portions of the internal peripheral 
circuitry. This feature adds up to significant system power 
Savings. The average power per device declines as system 
size grows because a continually higher portion of the 
memory is deselected. Device power dissipation asympto- 
tically approaches the standby power level, as shown in 
Figure 2. 


FIGURE 1. icc WAVEFORM. 


lcc 


100% DUTY CYCLE 


25% DUTY CYCLE 


SYSTEM AVERAGE DEVICE POWER 


ISB 
4K 8K 16K 32K 64K 
MEMORY SIZE IN WORDS 


FIGURE 2. AVERAGE DEVICE DISSIPATION VS. 
MEMORY SIZE. 
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There is no functional constraint on the amount of time the 
2141 is deselected. However, there is a relationship 
between deselect time and Chip Select access time. With 
no compensation, the automatic power switch would 
cause an increase in Chip Select access time, since some 
time is lost in repowering the device upon selection. A 
feature of the 2141 design is its ability to compensate for 
this loss. The amount of compensation is a function of 
deselect time, as shown in Figure 3. For short deselect 
times, Chip Select access time becomes slower than 
address access time, since full compensation typically 
requires 60ns. For longer deselect times, Chip Select 
access time actually becomes faster than address access 
time because the compensation more than offsets the time 
lost in powering up. The spec accounts for this 
characteristic by specifying two Chip Select access times, 
tacs1 and tacsa. 


tacs2 


tacsi 


ACCESS TIME 


TYPICAL CHIP SELECT 


0 60 80 
DESELECT TIME (ns) 


FIGURE 3. tacs VS. DESELECT TIME. 


The power switching characteristic of the 2141 requires 
more careful decoupling than would be required of a 
constant power device. It is recommended that a 0.1uF 
ceramic capacitor be used on every other device, with a 
22uF to 47uF bulk electrolytic decoupler every 32 devices. 
The actual values to be used will depend on board layout, 
trace widths and duty cycle. Power supply gridding is 
recommended for PC board layout. A very satisfactory 
grid can be developed on a two-layer board with vertical 
traces on one side and horizontal traces on the other, as 
shown in Figure 4. 


Vcc - z a GND 


Hs 


m 


D 


els 


Ba W 4444444 4 4 4 + lm 


" 


im 


|, © SPP CES 24a 
if BSP-PRPrrrre F 2aeae | 


1] 
{ 


[ 
| 


FIGURE 4. PC LAYOUT. 


2142 
1024 X 4 BIT STATIC RAM 


(aaa | 2iaz [arama [aaa 
[300 | 450 | 300 ~~) a0 
ee 


Max. Access Time (ns) 
Max. Power Dissipation (mw) 


@ High Density 20 Pin Package = No Clock or Timing Strobe Required 
@ Access Time Selections From 200-450ns = Completely Static Memory 
@ Identical Cycle and Access Times @ Directly TTL Compatible: All Inputs 
= Low Operating Power Dissipation and Outputs 

-imW/Bit Typical = Common Data Input and Output Using 
= Single +5V Supply Three-State Outputs 


The Intel® 2142 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon- 
Gate MOS technology. It uses fully DC stable (static) circuitry throughout — in both the array and the decoding — and 
therefore requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not 
required. The data is read out nondestructively and has the same polarity as the input data. Common input/output pins are 
provided. 


The 2142 is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing 
are important design objectives. It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. 


The 2142 is placed in a 20-pin package. Two Chip Selects (CS, and CS) are provided for easy and flexible selection of 
individual packages when outputs are OR-tied. An Output Disable is included for direct control of the output buffers. 


The 2142 is fabricated with Intel’s N-channel Silicon-Gate technology — a technology providing excellent protection 
against contamination permitting the use of low cost plastic packaging. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

A3 © > 

Ag @ > 
@ 

AS > 7 MEMORY ARRAY 
@) S SELECT cL COLUMNS 

AG aan 

AZ > 

Ag > 

1/04 © > 

fa COLUMN 1/0 CIRCUITS 

wy 


INPUT 
DATA 
CONTROL 


COLUMN SELECT 


® |© 


PIN NAMES 


Ao-Ag ADDRESS INPUTS OD OUTPUT DISABLE _ © 
’ WRITE ENABLE Voc POWER (+5V) - © 
|.CS2 CHIP SELECT GND GROUND cs, i 
eer ee eee _ @ : 
° 


©) = PIN NUMBERS 


re) 
> 


1/04-1/04 DATA INPUT/OUTPUT 


2142 FAMILY 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias -10°C to 80°C 
Storage Temperature ............-.. -65°C to +150°C 
Voltage on Any Pin 


With Respect to Ground ........... -0.5V to +7V 
Power Dissipation ......0.....020 eee ec eeee 1.0W 
D.C, Output CONENE <caccciveun ct eeeeae es 10mA 


D.C. AND OPERATING CHARACTERISTICS 


Ta = 0°C to 70°C, Voc = 5V + 5%, unless otherwise noted. 


PARAMETER 


2142-2, 2142-3, 2142 
Min. Typ.[1] Max. 


SYMBOL 


diy Input Load Current 


A 
(All Input Pins) 
lect Power Supply Current 80 95 m 
Vii Input Low Voltage -0.5 0.8 -0.5 0.8 
Vin Input High Voltage 2.0 6.0 2.0 6.0 
loL Output Low Current 2.1 6.0 2.1 6.0 
loH Output High Current -1.0 -1.4 -1.0 -1.4 


NOTE: 1. Typical values are for Ta = 25°C and Vcc = 5.0V. 
2. Duration not to exceed 30 seconds. 


CAPACITANCE 
Ta = 25°C, f = 1.0 MHz 


SYMBOL 


TEST 


NOTE: This parameter is periodically sampled and not 100% tested. 


A.C. CONDITIONS OF TEST 
Input Pulse Levels 
Input Rise and Fall Times 


Input and Output Timing Levels.................000- 


Output Load 


losi2] Output Short Circuit 
Current 


*COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of the specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


2142L3, 2142L 
Min. Typ.(1) 


Max. | UNIT CONDITIONS 


Vin = 0 to 5.25V 


CS = 2.4V, 
Viso = 0.4V to Vcc 


VIN = 5. 25V, lo =OmA, 
Ta =25°C 


VIN = §.25V, lio =OmA, 
Ta - o°C 


> 


VoL = 0.4V 
Von = 2.4V 


= 


3/3 3 = © 
213/38] <[<| 3] 3] 5) 5/2 


Vout = Voc to GND 


1.5 Volts 
. 1 TTL Gate and C, = 100 pF 
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A.C. CHARACTERISTICS § Ty, =0°C to 70°C, Vcc = 5V + 5%, unless otherwise noted. 


READ CYCLE !1] 


SYMBOL PARAMETER 


ts a 


2142-3, 2142L3 | 2142, 2142L 
Min. Max. Min. Max. | UNIT 
ns 


ns 


ns 


WRITE CYCLE [2! 


2142-3, 2142L3| 2142, 2142L 
SYMBOL PARAMETER Min. Max. | Min. Max. | UNIT 
/300 | 450s 


twc Write Cycle Time } 20002 


ts 


toto Output 3-state from Disable 
tow Data to Write Time Overlap 
toH Data Hold From Write Time 


NOTES: 
1. A Read occurs during the overlap of a low CS and a high WE. 
2. A Write occurs during the overlap of a low CS anda low WE. 


WAVEFORMS 
READ CYCLE® 


nooness X_SSSSSSSCS—~wd C+? 


00 \\AAAAAAAAAAAN hom 
1 \AAAAAAAAAA AN ALLL SL L/ 


a | 
ess J//////LL/L LL | FSAAAAN 


toto 
tex 
tOHA 
{[V/ VAN 


Pour GD, 


NOTES: 
3. WEis high for a Read Cycle. 
4. WE must be high during all address transitions. 


1-35 


WRITE CYCLE 


a iD 


i 2 Sa 
LIL LLL LR ANNARRANY 
we WAAAY 


o TV VV YN 
OU TS LLL SG 


tow tou 
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TYPICAL D.C. AND A.C. CHARACTERISTICS 


NORMALIZED ta 


NORMALIZED ta 


lon (mA) 


NORMALIZED ACCESS TIME VS. 
SUPPLY VOLTAGE 


12 
1.1 
1.0 
0.9 
0.8 
0.7 
0.6 
08 50 4.75 5.00 5.25 5.50 


Vec (V) 


NORMALIZED ACCESS TIME VS. 
OUTPUT LOAD CAPACITANCE 


1.2 
1.1 
1.0 
0.9 
0.8 
0.7 
0.6 
0.5 
100 300 400 500 600 


, 200 
C. (pF) 


OUTPUT SOURCE CURRENT 
VS. OUTPUT VOLTAGE 


Vou (V) 
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NORMALIZED ta 


NORMALIZED Icc 


lot (mA) 


NORMALIZED ACCESS TIME VS. 
AMBIENT TEMPERATURE 


0.9 
0.8 
0.7 
0.6 
0.5 
0 20 40 60 80 
Ta (°C) 


NORMALIZED POWER SUPPLY CURRENT 
VS. AMBIENT TEMPERATURE 


20 40 60 80 
Ta (°C) 
OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 
40 
30 
20 
10 
0 
0 1 2 3 & 


Vor (Vv) 


intel 
2147H 


HIGH SPEED 4096 x 1 BIT STATIC RAM 


2147H-1 2147H-2 2147H-3 2147HL-3 2147H 2147HL 
Max. Access Time (ns) 


35 | a 85 | 70 | 0 
Max. Active Current (mA) ae I 
a 10 


Max. Standby Current (mA) 


a Pinout, Function, and Power Com- = Direct Performance Upgrade for 2147 
patible to Industry Standard 2147 


» HMOS il Technology 
= Completely Static Memory—No Clock ® High Density 18-Pin Package 


or Timing Strobe Required = Directly TTL Compatible—All Inputs 
=» Equal Access and Cycle Times and Output 


a Single +5V Supply 


a» 0.8-2.0V Output Timing Reference 
Levels 2 Three-State Output 


The Intel® 2147H is a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using 
HMOS-II, Intel’s next generation high-performance MOS technology. It uses a uniquely innovative design 
approach which provides the ease-of-use features associated with non-clocked static memories and the 
reduced standby power dissipation associated with clocked static memories. To the user this means low 
standby power dissipation without the need for clocks, address setup and hold times, nor reduced data 
rates due to cycle times that are longer than access times. 


CS controls the power-down feature. In less than a cycle time after CS goes high—deselecting the 2147H 
—the part automatically reduces its power requirements and remains in this low power standby mode as 
long as CS remains high. This device feature results in system power savings as great as 85% in larger 
systems, where the majority of devices are deselected. 


The 2147H is placed in an 18-pin package configured with the industry standard 2147 pinout. It is directly 
TTL compatible in ali respects: inputs, output, and a single + 5V supply. The data is read out nondestruc- 
tively and has the same polarity as the input data. A data input and a separate three-state output are used. 


a» Automatic Power-Down 


a Separate Data Input and Output 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


MEMORY ARRAY 
64 ROWS 


64 COLUMNS 


PIN NAMES 


Vee POWER (SV) 
res cHPSELeCT. | 
CO DATAINPUT |S 


COLUMN SELECT 


INI, LA LAL 


. > Sm 


@] @] @] @] O] @ 
Ags Az Ag Ag Aro Ans 
TRUTH TABLE és F 
[WE] mone —oureut | rower = i 
H x NOT SELECTED | HIGH Z STANDBY 
L L WRITE HIGH Z ACTIVE hy 
L H READ Dout ACTIVE WE La 


intel 2147H 


ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those listed under “Abso- 
lute Maximum Ratings” may cause permanent damage 
Temperature Under Bias ............. -— 10°C to 85°C to the device. This is a stress rating only and functional 
Storage Temperature............. — 65°C to + 150°C operation of the device at these or any other conditions 
Voltage on Any Pin above those indicated in the operational sections of this 
With Respect toGround............ —-3.5V to +7V specification is not implied. Exposure to absolute maxi- 
POWGFDISSINAION: 6 ccccuccasan esc caeenecas up 1.2W mum rating conditions for extended periods may affect 
DG. Cetout GUITONE sos cdccacdiedeaddennadns 20 mA device reliability. 


D.C. AND OPERATING CHARACTERISTICS"! 


(Ta =0°C to 70°C, Vec= +5V + 10%, unless otherwise noted.) 


2147H-1, 2, 3 2147HL-3 2147H 2147HL 
Symbol] Parameter Min. Typ. Max. |Min. Typ. Max. | Min. Typ.!21 Max. | Min. Typ.!21 Max. unit becca sas Sear 
hu input Load Current 0.01 10 | pA |Voc= Max., 
(All Input Pins) Vin=GND to Vcc 
liLo| | Output Leakage 0.1 50 0.1 50 0.1 50 uA 1CS=Vin, Voc = Max., 
Current Vout= GND to 4.5V 
loc | Operating Current 120 170{ 115 | 100 150 100 135 | mA|Ta=25°C Voo=M 
-0° Vin Ls 
Standby Current 6 15 7 10 |mAIV ages Min. to Max., 
=ViH 
Peak Power-On ages GND to Voc Min., 
Current = Lower of se ae or Ving Min. 
i Input High Voltage CSE SS Mea ee 8 Sree 1 lee 


NOTES: 

1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. 

2. Typical limits are at Vog=5V, Ta= + 25°C, and specified loading. 

3. A pull-up resistor to Voc on the CS input is required to keep the device deselected; otherwise, power-on current approaches Icc active. 


Vcc 
A.C. TEST CONDITIONS 5101: 
Input Pulse Levels GND to 3.0V Dout 
Input Rise and Fall Times 5ns | 
Input Timing Reference Levels 1.5V SCOPE AND. 
Output Timing Reference Level (2147H-1) 1.5V aa} 
Output Timing Reference Levels 

(2147H, H-2, H-3, HL, HL-3) 0.8-2.0V bal 

Output Load See Figure 1 Figure 1. Output Load 

Vec 

510 
CAPACITANCE"! (1, = 25°C, f= 1.0 MHz) : 
D 

Symboi|_Parameter_[Max.[Unit|Condtons ~ 
| Cw _|Input Capacitance 25 Cae _ ” 
NOTE: ™ 
4. This parameter is sampled and not 100% tested. Figure 2. Output Load for tyz, tz, twz, tow 
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A.C. CHARACTERISTICS (1, =0°C to 70°C, Voc = +5V + 10%, unless otherwise noted.) 
Read Cycle 


2147H-3, 2147H, 
2147H-1 2147H-2 HL-3 2147HL 
"7a Min. Max. | Min. Max. | Min. Max.| Min. Max. 
ted 


[A SL he 8 cae De =F 
ton [Output Hold trom Adaress Change | 8 | 8 | 8 | 8 | ns 
riuz2377 [Chip Selection to OutputintowZ [5 | 5 | 0 +| 10 —~(| ne 
"a8 [ Chip Deselection to OutputinHighz [0 a0 | 0 a | 0 a0 | 040 | ne 
Tice | hie Seletion to Power Uptine [0 [ 0 [0] 0 | me 
te [Chip Deselection to Power Down Time [20 0 80 | 


WAVEFORMS 


Read Cycle No. 1/45 


DATA OUT PREVIOUS DATA VALID DATA VALID 


tLz 


HIGH IMPEDANCE 
DATA OUT 
IMPEDANCE 


Vec 
SUPPLY 
CURRENT Ica 


NOTES: 

. All Read Cycle timings are referenced from the last valid address to the first transitioning address. 

. At any given temperature and voltage condition, tz max. is less than t_z min. both for a given device and from device to device. 

. Transition is measured + 500 mV from steady state voltage with specified loading in Figure 2. 

. WE is high for Read Cycles. _ 

. Device is continuously selected, CS=Vj,. 

. Addresses valid prior to or coincident with CS transition low. 

. This parameter is sampled and not 100% tested. 

. Chip deselected for greater than 55 ns prior to selection. 

. Chip deselected for a finite time that is less than 55 ns prior to selection. If the deselect time is 0 ns, the chip is by definition 
selected and access occurs according to Read Cycle No. 1. Applies to 2147H, 2147HL, 2147H-3, and 2147HL-3. 


OOANOAaAHRWHN — 
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A.C. CHARACTERISTICS (Continued) 
Write Cycle 


WAVEFORMS rT ia 
Write Cycle No. 1 a 


(WE CONTROLLED)! 


foxthl 


DATA IN @ DATA IN VALID  ) 


‘wz ——+4 tow 
Write Cycle No. 2 twc 
_(CS CONTROLLED)" ADoness ae 


= law 
— wr 
‘we 


BELEEECERE ELLIS SSL L/ 


Ld tow ton 
DATA IN «| DATA IN VALID 


twz 


Fe 


HIGH IMPEDANCE 
DATA OUT DATA UNDEFINED 


NOTES: sincteasseeee a ae eee = 

1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +500 mV from steady state voltage with specified loading in Figure 2. 

4. CS or WE must be high during address transitions. 
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2148H 
1024 x 4 BIT STATIC RAM 


Cavaene | aiaen | 21aeHLe | 214eHL 


Max. Access Time (ns) 
Max. Active Current (mA) 
Max. Standby Current (mA) 


m= Automatic Power-Down 


w industry Standard 2114A and 
2148 Pinout 


@ HMOS II Technology 
= Functionally Compatible to the 2148 hree-State Output 


= Completely Static Memory — No Clock Single +5V Supply 
or Timing Strobe Required = Fast Chip Select Access 2149H Available 


The Intel® 2148H is a 4096-bit static Random Access Memory organized as 1024 words by 4 bits using HMOS II, a high- 
performance MOS technology. It uses a uniquely innovative design approach which provides the ease-of-use features 
associated with non-clocked static memories and the reduced standby power dissipation associated with clocked static 
memories. To the user this means low standby power dissipation without the need for clocks, address setup and hold 
times, nor reduced data rates due to cycle times that are longer than access times. 


Equal Access and Cycle Times 


& 
@ High Density 18-Pin Package 

= Common Data Input and Output 
# 

8 


CS controls the power-down feature. In less than a cycle time after CS goes high — disabling the 2148H — the part 
automatically reduces its power requirements and remains in this low power standby mode as long as CS remains high. 
This device feature results in system power savings as great as 85% in larger systems, where the majority of devices are 
disabled. A non-power-down companion, the 2149H, is available to provide a fast chip select access time for speed 
critical applications. 


The 2148H is assembled in an 18-pin package configured with the industry standard 1K x 4 pinout. It is directly TTL 
compatible in all respects: inputs, outputs, and a single +5V supply. The data is read out nondestructively and has the 
same polarity as the input data. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 
a & > ae aoe 
AS Q | _Q_ GND 
A6 o Le ~_ MEMORY ARRAY 
Ay @ S SELECT 64 COLUMNS 
an 
ag Pam 
Ag ie) » © =PIN NUMBERS 
eo 8] 
WO4 ww) 
v02 @ 
V0 @ 
ADDRESS INPUTS 3 
WRITE ENABLE 
CHIP SELECT iia 


DATA INPUT/OUTPUT 
POWER (+5V) 


GROUND = © 
= ‘DOWN, 
NOT SELECTED | HIGH-Z rome 
WRITE Diy | ACTIVE 
READ Doyr | ACTIVE 


Figure 1. Pin Configuration, Logic Symbol, Pin Names Figure 2. 2148H Block Diagram 
and Truth Table 
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ABSOLUTE MAXIMUM RATINGS* * COMMENT: Stresses above those listed under ‘‘Ab- 
solute Maximum. Ratings” may cause permanent 
Temperature Under BiasS............ — 10°C to + 85°C damage to the device. This is a stress rating only and 
Storage Temperature ............. — 65°C to + 150°C functional operation of the device at these or any other 
Voltage on Any Pin with conditions above those indicated in the operational sec- 
Respect to Ground «i cvcsicacccneuns —-3.5Vto +7V tions of this specification is not implied. Exposure to 
D.C. Continuous Output Current ............. 20 mA absolute maximum rating conditions for extended 
Power DISSINATION .2c0sccwsiwan svnecue ven ennns 1.2W periods may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS" 


Ta =0°C to +70°C, Veco = +5V + 10% unless otherwise noted. 
(2) 


Input Load Current (All Input Pins) 0.01 10 wy Vcc = max, Vin = GND to Vcc 
ate = Vib, Vcc = max, 
Vcc = max, CS = Vi, 
ise | Standby Current 10 20 Vcc = min to max, CS = Vin 
| Vcc = GND to Vcc min, 
Lee ete ee 


2148H-2/H-3/HL-3 2148HL/HL-3 


[opto crau Gran | sam aa] aa atm [von = ono wis 
Notes: 


1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. Typical 
thermal resistance values of the package at maximum temperatures are: 
83a (@ 400 fpm air flow) = 40° C/W 
83a (still air) = 70° C/W 
Bsc = 25° C/W 
2. Typical limits are at Vcc = 5V, Ta = +25°C, and Load A. 


3. A pull-up resistor to Vcc on the CS input is required to keep the device deselected during power-on. Otherwise, power-on current 
approaches lIcc active. 


+5V 

A.C. TEST CONDITIONS 
Input Pulse Levels GND to 3.0 Volts 4802 
Input Rise and Fall Times 5 nsec Dour mie +5V 
Input and Output Timing 2550 (INCLUDING 

Reference Levels 1.5 Volts SCOPE AND 4802 

Ji 
Output Load See Load A. _ o 
OUT 
(4) 2552 5pF 
CAPACITANCE a 
T, = 25°C, f = 1.0MHz 
[_—_ face]: [al et j 
Cin | Address/Control Capacitance Vin = OV Load B. 


Input/Output Capacitance 


Note 4. This parameter is sampled and not 100% tested. 
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A.C. CHARACTERISTICS 


Ta=0°C to + 70°C, Voc= +5V + 10%, unless otherwise noted. 


READ CYCLE 


[symbol | __ Parameter Lin ox | te Mas | Min Max. |&% | conditions 
tae [Read Gycetine ——Ss=~“‘*‘~sr SSCs COCs | 
a cs 
Ttacsi | Chip Select Access Time +t —~—SS | SSS; ~S~*d nw ‘| Noto 
Ttacse | Chip Select Access Time ——+| ss: | —~=isS «| ~SSSC«R i ne (| Note 


ton | Output Hold from Address Change | 8 
Ttuz | Chip Selection Output in towZ | 20 
tz | Chip Deselection to Output in HighZ | 020 | 
teu [Chip Selection to Power Uptime | 0 
[top [Chip Deselection to Power Down Time] 20 | 


WAVEFORMS 


READ CYCLE NO. 1!° 4! 


ADDRESS 


DATA OUT PREVIOUS DATA VALID DATA VALID 


READ CYCLE NO. 2'°.*) 


DATA OUT 
IMPEDANCE 


Notes: 
1. Chip deselected for greater than 55 ns prior to CS transition low. 


2. Chip deselected for a finite time that is less than 55 ns prior to CS transition low. (If the deselect time is Ons, the chip is 
by definition selected and access occurs according to Read Cycle No. 1.) 


. WE is high for Read Cycles. 
. Device is continuously selected, CS = Vi. 
. Addresses valid prior to or coincident with CS transition low. 


: ee is measured +500mV from high impedance voltage with Load B. This parameter is sampled and not 100% 
este 


an & W 
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A.C. CHARACTERISTICS (Continued) 
WRITE CYCLE 


2148H-2 2148H-3/HL-3 | 2148H/HL 
Min. Max.| Min. Max. | Min. 


WAVEFORMS 
WRITE CYCLE No. 1 (WE CONTROLLED) 


ADDRESS 
CS[1] 
, ~<—-twR- > 
VS 
\ 
WE \ 
tpH 
ease 
DATA IN FY DATA IN VALID 
twz sein tow> 
DATA OUT DATA UNDEFINED HIGH IMEEOS 


WRITE CYCLE No. 2 (CS CONTROLLED) 


twce 


appRess KR 


cs _ oan eapengey 


WE NANNAAAAAARA: ia MLLLLLLLLLLLLLLLL, 
DATA IN — YY DATA IN VALID 


DATA OUT DATA UNDEFINED HIGH IMPEDANCE 


Notes: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 


2. Transition is measured +500mV from high impedance voltage with Load B. This parameter is sampled and not 
100% tested. 


INTEL CORPORATION, 3065 Bowers Avenue, Santa Clara, California 95051 (408) 987-8080 
Printed in U.S.A./E-103/1280/12.5K/BA-SWW 
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2149H 
1024 x 4-BIT STATIC RAM 


Caven2 | 210H3 29H 
"Max. Address Access Time(s) | 45 | 85 | 70 | 85 | 70 
“Max. Chip Select Access Time(ns) | 20 | 25 | a0 | 25 | 30 
"Max. Active Curent ma) | 1e0 | tao | too | 125 | 125 


=» Fast Chip Select Access Time—20ns = High Density 18-Pin Package 
Maximum 


a Common Data Input and Output 


a HMOS Il Technology a Three-State Output 


a Equal Access and Cycle Times a Single +5V Supply 
= Completely Static Memory—No Clock r Automatic Power-Down 2148H 
or Timing Strobe Required Available 


The Intel® 2149H is a 4096-bit static Random Access Memory organized as 1024 words by 4 bits using 
HMOS Il, a high performance MOS technology. It provides a maximum chip select access time as low as 20 
ns instead of an automatic power-down feature. This fast chip select access time feature increases system 
throughput. An automatic power-down companion, the 2148H, is available for power critical applications. 


The 2149H is assembled in an 18-pin package configured with the industry standard 1Kx4 pinout. It is directly 
TTL compatible in all respects: inputs, outputs and a single +5V supply. The data is read out non- 
destructively and has the same polarity as the input data. 


MEMORY ARRAY 


ROW 
SELECT 64 COLUMNS 


> 
o 


© bb © owoeePere 


O = PINNUMBERS 


a PIN NAMES 
WE WRITE ENABLE 
as y fan knees 
CONTROL | | | DATA INPUTIOUTPUT 
b lad tad POWER (+5V) 
re Le IN be NI | | 
GROUND 
OQ, ©, O' i, ae 
— —: TRUTH TABLE 


es|We| Move | 10 
H | x | NOTSELECTED| HIGH.Z. 
L fe WRITE Din 
iL | H READ Dour 


Figure1. 2149H Block Diagram Figure 2. 2149H Pin Diagram 
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2149H FAMILY 


ABSOLUTE MAXIMUM RATINGS* 


TeTCeT TT eT -— 10°C to + 85°C 
- 65°C to + 150°C 


Temperature Under Bias 
Storage Temperature 
Voltage on Any Pin with 


Respect to Ground .......cssenseces —3.5Vto +7V 
D.C. Continuous Output Current ..........6... 20mA 
Powsrl DISSIDSUGH ... 2 cctcriansvannvvevanaweawas 1.2W 


D.C. AND OPERATING CHARACTERISTICS" 


* COMMENT: Stresses above those listed under “Ab- 

solute Maximum Ratings” may cause permanent 
damage to the device. This is a stress rating only and 
functional operation of the device at these or any other 
conditions above those indicated in the operational sec- 
tions of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended 
periods may affect device reliability. 


Ta =0°C to +70°C, Veco = +5V + 10% unless otherwise noted. 


a Operating Current 


| vu | input Low Finput Low Voltage | 


Input High Voltage 
Output High Voltage 


Notes: 


Input Load Current (All Input Pins) a 


Test Conditions 
Vcc = max, Vin = GND to Vcc 


CS = Vin, Voc = max, 
Vout = GND to 4.5V 


Vcc = max, CS = Vit, 
Outputs Open 


1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. Typical 
thermal resistance values of the package at maximum temperatures are: 
63a (@ 400 fpr air flow) = 40° C/W 
Aja (Still air) = 70° C/W 
Bsc = 25° C/W 


2. Typical limits are at Vcc = 5V, Ta = +25°C, and Load A. 


A.C. TEST CONDITIONS 


Input Pulse Levels 


GND to 3.0 Volts 


Input Rise and Fall Times 5 nsec 
Input and Output Timing 

Reference Levels 1.5 Volts 
Output Load See Load A. 


CAPACITANCE | 
T, = 25°C, f = 1.0MHz 


Cin | Address/Control Capacitance 


Input/Output Capacitance 


Note 3. This parameter is sampled and not 100% tested. 


[pwr Tom ea 


+5V 
480 
Dour +5V 
30 pF 
(INCLUDING 
2552 SCOPE AND 
JIG) 
Dour 
255] 
Load A. 
Load B. 
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reese Ki ane =40 mA 
Output Short Circuit Current +150 +200 +150 +200 Vout = GND to Vcc 


480 


SpF 


intel 2149H FAMILY 


A.C. CHARACTERISTICS 


Ta=O0°C to + 70°C, Vec= +5V + 10% unless otherwise noted. 


2149H/HL 


2149H-3/HL-3 


READ CYCLE 
Test 


2149H-2 
Parameter Min. Max Conditions 


Read Cycle Time a a 2 
ae Adaress Access Time a Saree SCS SoS 


WAVEFORMS 


READ CYCLE No. 1" ? 


eam it a e 


——— ~ taa aaa 
alee. | 


DATA OUT PREVIOUS DATA VALID x X X X DATA VALID 


READ CYCLE No. 2° 


ei a eee 


taa 


ADDRESS 


oS \\AAA ELLLVLLLLL 


— tacs tuz 


xe 
= L\N /\} 


Notes: 

1. WE is high for Read Cycles. 

2. Device is continuously: selected, CS = Vi. 

3. At any given temperature and voltage condition, tnz max. is less than tLz min. both for a given device and from device to device. 
4. Transition is measured +500 mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested. 
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A.C. CHARACTERISTICS (continued) 
WRITE CYCLE 
Test 


2149H-2 
Parameter Min. Max. Conditions 


write Cycle Time a a 


2149H-3/HL-3 2149H/HL 


Address Setup Time 


= ee 
Tw | wierivewan ip dT dP Od | 
Cn | wie Rese tine pS 
iow [one vacioewawae [| |= | «] 
tm | omerastme id dP od dP 
[ts | wie enmies wcupamnone [oe | 0 [0 =| ~ | nwa 
[tow | ouput acive om ensorwie fo | 0 [| ™ | Nima 


WAVEFORMS 
WRITE CYCLE No. 1 (WE CONTROLLED) 


twc 


MOORES a nee 


es AS : MALL L. 
tas twrR 


ign teenie 


DATA IN VALID 


HIGH IMPEDANCE 


DATA IN 


= 

m 
ee 

o o 


twz 
DATA OUT DATA UNDEFINED 


WRITE CYCLE No. 2 (CS CONTROLLED) 


cs 
 SANNNNNNNNNNNAND “ TTT LLL, 
DATA OUT DATA UNDEFINED “ GH IMFEOANCE 


Notes: 
1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. Transition is measured +500 mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested. 
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intel PRELIMINARY 


2164 FAMILY 
65,536 x 1 BIT DYNAMIC RAM 


Maximum Access Time (ns) 
Read, Write Cycle (ns) 
Read-Modify-Write Cycle (ns) 


@ Industry Standard 16-pin DIP @ 128 Refresh Cycles/2 ms RAS-only 
Refresh 


= Non-Latched Output is Three-State 
TTL Compatible 


= Compatible with 2118 
@ Inputs Allow Negative Overshoot, 


@ HMOS Technology 
@ Single +5V Supply, +10% Tolerance 


@ All Inputs, Including Clocks, 
TTL Compatible 


Vit MIN = -2V 
= Pin 1 is No Connect to Allow for @ Page Mode and Hidden Refresh 
Future System Upgrade Capability 


The Intel 2164 is a 65,536 words by 1-bit N-channel MOS dynamic RAM fabricated in Intel’s production proven HMOS 
process. The 2164 is packaged in the industry standard 16-pin DIP and is designed to operate with a single + 5V power 
supply, with + 10% tolerance. The use of a single transistor cell and advanced dynamic circuitry enable the 2164 to 
achieve high speed at low power dissipation. 


Multiplexing the 16 address bits into the 8 address input pins allows the 2164 to achieve high packaging density. The 
two 8-bit TTL level address segments are latched into the 2164 by the two TTL clocks, Row Address Strobe (RAS) and 
Column Address Strobe (CAS). Non-critical timing requirements for the RAS and CAS clocks allow the use of the ad- 
dress multiplexing technique while maintaining high performance. 


The non-latched, three state, TTL compatible data output is controlled by CAS, independent of RAS. After avalid read or 
read-modify-write cycle, data is held on the data output pin by holding CAS low. The data output is returned to a high 
impedance state, by returning CAS to a high state. Hidden refresh capability allows the device to maintain data at the 
output by holding CAS low while RAS is used to execute RAS-only refresh cycles. 


Refresh is required for data retention in one transistor storage cells. Refreshing is accomplished by performing RAS-only 
cycles, hidden refresh cycles, or normal read or write cycles on the 128 address combinations of addresses Ao through Ae, 
during a2ms period. Address input A7 is a don’t care during these refresh cycles. A write cycle will refresh stored dataon 
all bits of the selected row except the bit which is addressed. 


BLOCK DIAGRAM 


PIN LOGIC 
CONFIGURATION SYMBOL 128 x 128 CELL 


MEMORY ARRAY 


+ Voo 


1 OF 128 
RO 128 x 128 CELL 


MEMORY ARRAY 


Ww 
DECODERS a ——Va5 


128 SENSE AMPLIFIERS par 128 SENSE AMPLIFIERS 
1/2 (1 OF 128 1/2 (1 OF 128 OUTPUT Dour 
COLUMN DECODERS) COLUMN DECODERS) BUFFER 
128 SENSE AMPLIFIERS 128 SENSE AMPLIFIERS 4 


1 OF 128 128 x 128 CELL 


MEMORY ARRAY 


12B x 128 CELL 
MEMORY ARRAY 
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ABSOLUTE MAXIMUM RATINGS* *COMMENT: 


Stresses above those listed under “Absolute Maximum 
Rating” may cause permanent damage to the device. This is a 


Ambient Temperature Under Bias .... —10°C to +80°C stress rating only and functional operation of the device at 
Storage Temperature .............-. 65°C to +150°C these or at any other condition above those indicated in the 
Voltage on Any Pin Relative to Vss ...........+-4. 7.5V operational sections of this specification is not implied. 
Date Cet CUPP occ dca wcp wee ass caeveeosesaveess 50mA Exposure to absolute maximum rating conditions for 
POWSr DISSIBGAON 2660.0 sdcceews panes eneewa-cas'eue 1.0W extended periods may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS") 


Ta = 0°C to 70°C, Vpp = 5V +10%, Vss = OV, unless otherwise noted. 


sim |_—_—_—_ me _ Test Conditions 


Input Load Current (any input) ee Vin=Vss to Vpp 


Output Leakage Current for Chip Deselected: CAS at Vin, 
oa eee ee Impedance State uA} Vout = 0 to 5.5V 


/ p01 | Vpop Supply Current, Standby | 3 | 5 | mA|CAS and RAS at Vin 


Vpp Supply Current, Operating | mA| 2164-15, tac=tromn = | 
fetewoerones | tear 
lo0s__| Voo Supply Current, RAS-Only 6 


Vpp Supply Current, Standby, a Bie. tnc= pon at Vit, RAS at Vin 
a te Enabled 


Vic | Input Low Voltage (all Input Low Voltage (all inputs) ‘Input Low Voltage (allinputs)  [-20/ [os |v] 
ee — eer 
vou [Output tow vortage «dS iow |v fi seaman SSC*dSCC 
[vow [Outputrign vortage ‘feat | [v]iow=-sma SSCs 


NOTES: 

1. All voltages referenced to Vss. 

2. Typical values are for Ta = 25°C and nominal supply voltages. 

3. Ipp is dependent on output loading when the device output is selected. Specified Ipp max is measured with the output open. 


CAPACITANCE" 
Ta = 25°C, Vpp=5V + 10%, Vss = OV, unless otherwise noted. 


Address, Data In 


WE, Data Out 


NOTES: 
|. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation: 
C= =“ with AV equal to 3 volts and power supplies at nominal levels. 
x 
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intel 2164 FAMILY PRELIMINARY 


A.C. CHARACTERISTICS"?! 
Ta = 0°C to 70°C, Vpp = 5V +10%, Vss= OV, unless otherwise noted. 
READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES 


2164-15 2164-20 
Parameter M x. Min. Max. 


[exc | Access Time FromGAS—SC*dSSC‘“‘*‘ CS 

ner | Time Between Refresh Sid 

[we | RAS Precharge Time —SSSC~—“‘idCt 

[ters | CAB Precharge Time non-page cycles) | 25 
: a 
ime, to RAS 


an fe 
on 


ba | r - 
(o>) 


5 


=) 


=) 


oO 
i) 
= 8 =! =] 
n1|on ” ” wo NINTH 


— 20 


SD 


CAS Hold Time 150 
Row Address Set-Up Tins a 
tan Row Address Hold Time Pa 


= ae 

po 

Column Address Set-Up Time ee ee 

Column Address Hold Time P35 
t 


= 


5 

CAS to RAS Precharge Time 

RAS to CAS Delay Time ee ee 
5 


| ten | Column Address Hold Time, to RA 135 
= ae Transition Time (Rise and Fall) a 


Ma 
85 

2 
65 
50 


Output Buffer Turn Off Delay F040 


, 
Random Read Cycle Time 
RAS Pulse Width 150 10000 200 10000 


CAS Pulse Width 10000 | 110 10000 
| 300 | 8S 


in. 
20 
25 
35 
| _tasy | RAS Hold Time 

25 
35 
3 

00 
85 


Read Command Hold Time 
Random Write Cycle Time 00 


10000 


| tras | «RAS Pulse Width 150 10000 


0 
E 
, 


Write Command Pulse Width 


[~tse | Data Setup Time 


[_Read-Modity-Wrte GycleTime——~—SC«dSCi 
10000 


Write Command to RAS Lead Time [40 


37 
20 
13 
13 
37 
23 
14 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

S 


5 
0 
0 
5 
5 
0 
0 


NOTES: 
1. All voltages referenced to Vss 7. taco (max.) is specified as a reference point only: if taco is less 
2. Eight cycles are required after power-up or prolonged periods than taco (max.) access time is trac, if tacp is greater than taco 
(greater than 2ms) of RAS inactivity before proper device (max.) access time is trop + tcac. 
operation is achieved. Any 8 cycles which perform refresh are 8. tr is measured between Vin (min.) and Vit (max.). 
adequate for this purpose. 9. twcs, tcwo and trwo are specified as reference points only. If 
3. A.C. Characteristics assume tt-= 5ns. twcs = twcs (min.) the cycle is an early write cycle and the data 
4. Assume that taco < trcpo (max.). If taco is greater than taco Out pin will remain high impedance throughout the entire 
(max.) then trac will increase by the amount that taco exceeds cycle. If tcwn 2 tcwo (min.) and trwp 2 trwo (min.), the cycle is 
trop (max.) a read-modify-write cycle and the data out will contain the data 
5. Load = 2 TTL loads and 100pF read from the selected address. If neither of the above 
6. Assumes trcp 2 trco (max.) conditions is satisfied, the condition of the data out is 


indeterminate. 
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WAVEFORMS 


READ CYCLE 
tRC 
ea) 2 tap 
V 
TAS (1) 6) 


Vin 
CAS 

Vit 

Mu 
ADDRESSES 

Vit 
__ Vin 
WE 

Vie 

Vou 
Dour 


tase —<— tRaH— tasc 
[eX Xs 
(2Y\ ADDRESS A\ /\ ADDRESS x 


( VALID 
DATA OUT 


IMPEDANCE 


WRITE CYCLE 


tre 
RAS 
tosy + —_———_ tc px) —————__» 
(8) tcre 
trcp tRsH 
Sy | \@ Lana 
a a tar it ers 
tasr = traHn— tasc tcaq———> 
V, ; ¥ 
— Y (1) row +/ Y COLUMN K || 
ADDRESS ADDRESS 
’ LO) A\__LS é\ 
[ tRWL 
it )~SSCU ee | 
Vy + twcs—" =. twcH ———> 
WE twe 
Vi @¥ 
Diny 
o Vou HIGH 
OUT Vou IMPEDANCE 
NOTES: 1,2. Vin min AND Vic max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. Von min AND Vo. max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dour. 
5. torr IS MEASURED TO lout < |ILol. 


on 


tps AND toy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 
. tach IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 
.tcrp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 


ONLY CYCLE (i.e, FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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WAVEFORMS 


READ-MODIFY-WRITE CYCLE 


—  tawe = —— =| 
taay —_————— taep————> 
—_ Vin (a _ 
RAS 1) 2) 
Vin AL \E) 
8 )tcre > 
tcpn 
By tcrw 
CAS Viv 
wo of [eto | 
Vin \FG) ROW 7 VY coLUMN \/ 
1) 
POORESSES yy. .e aporess FY /\_ADDRESS xX sz 
(2) 
iz, - | trawo 
Vv 
= 1H 
WE y, 


Ome X 
{\ ~ VALID /\ 


IMPEDANCE 


ADDRESSES 


Vou HIGH 
Vou IMPEDANCE 


Dour 


HIDDEN REFRESH CYCLE 
(For Hidden Refresh Operation order 2164-15 S6491, 2164-20 S6492) 


~<——__—__—____—_——— trac 
teas - a . | <— tapas —> <+— tras —> tre 


iN. | 
)t _ 
eyonr | | Fe ke —>|+—_— — = tcas ———— ae tcpNn 


ADDRESSES = 


4 COLUMN (| ROW 
/* ADDRESS /\ ADDRESS f\ / ADDRESS 
2 


VALID DATA 


Dour 
Vou 


NOTES: 1,2. Viq min AND Vit max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3.4. Von min AND Vor max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dour. 
5. tore IS MEASURED TO lout < |ILol- 
6. tps AND tpy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 
7. tac IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 
8. tenp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY ACAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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D.C. AND A.C. CHARACTERISTICS, PAGE MODE!”®"" 


Ta = 0°C to 70°C, Vpp = 5V +10%, Vss = OV, unless otherwise noted. 
(For Page Mode Operation order 2164-15 S6493, 2164-20 S6494) 


2164-20 
$6494 
Parameter ‘ i , 


Page Mode Read or Write Cycle 
Page Mode Read Modify Write 


CAS Pulse Width 


Voo Supply Current Page Mode, 
Minimum tec, Minimum tcas 


WAVEFORMS 


PAGE MODE READ CYCLE 


trem 
tar — 


tRsH «a— trp 


(10) tere 
tcas ———> 


l atc i 
Vie 
tRAH i 
1" f 
x 


tcas tcas oe topn 


‘CAH 
tasc 
Vix TAN, \/ \/ Vd 
ADDRESSES |,” O'" Row XX peo x XK. ADD A Xx ADD A | 
2 i ; 
tres trcs 
rcs (6) RCH tacH > ‘RCH 

__ sv er 
we vine \ 7 

Vit 


tcac 


NOTES: 1,2. View min AND Vit max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. Vow min AND Voi max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dour. 


5. torre ISMEASURED TO lout ~ !ILo!l. 

tac 1S REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 
ALL VOLTAGES REFERENCED TO Vs. 

AC CHARACTERISTIC ASSUME try = 5ns. 

SEE THE TYPICAL CHARACTERISTICS SECTION FOR VALUES OF THIS PARAMETER 


OUD 


UNDER ALTERNATE CONDITIONS. Pn yee: Pn 

10. tenp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 

11. ALL PREVIOUSLY SPECIFIED A.C. AND D.C. CHARACTERISTICS ARE APPLICABLE TO THEIR 
RESPECTIVE PAGE MODE DEVICE (i.e., 2164-15 S6493 WILL OPERATE AS A 2164-15). 
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PAGE MODE 
WRITE CYCLE 


tRPM 
tar 
aug “6 ® 
Vi = @ 
tRSH trp 
@) tcrp tec 
tcas tcas tcas ———> tcpn 


V 
_ 7 x a | 
tRAH 
o} ik 


Vin ROW i “ KX | oo COL XK || 
Vit A ADD KN A | ADD Xx. ADD ic /\ 


twcs 
towL 
Vv 
we : f 
Vit ‘ 
6) <«—— twp 
tRwe 
tos toH 
> YM Vv, VALID " 
ny, fs DATA L\ 


PAGE MODE READ-MODIFY-WRITE CYCLE 


SS = =F trem = ‘eisai tre 
Ving ao 
Vin — 
O teeny tasH TcPN 
7) *tcrP 
~ tracp | tcrw = tcp SSS A ———— terw — 


ie) 

2 

wn 

<< 

= = 
‘See ase! 


tar 
tran t=] tcaH Tow towr 
tasr tasc = 
™s 1 Y ROW H/ os x a kf iF / 
ADBHESSES ADD ees I Maco VE 


se. VI Say 
IL 
: ay Lan 


—~ wets 
NW ae ae VALID VALID [N VALiO JA 
tcac>| 
VALID 7 
DATA OUT 


NOTES: 1,2. Vin min AND Vit max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3.4. Vow min AND Voi max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dour. 
5. torr ISMEASURED TO lout ito! 
6. tps AND toy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 
7. tac |S REFERENCED TO THE TRAILING EDGE OF F CAS OF OR RAS, WHICHEVER OCCURS FIRST. 
8. 


VALID 
DATA OUT 


tcrp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS) 
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2164 FAMILY 


PRELIMINARY 


DEVICE DESCRIPTION 


The Intel® 2164 is produced with HMOS, a high perform- 
ance MOS technology which incorporates on-chip sub- 
strate bias generation. This process, combined with 
new circuit design concepts, allows the 2164 to operate 
from a single +5V power supply, eliminating the + 12V 
and —5V requirements. Pin 1 is not connected, which 
allows P.C.B. layout for future higher density memory 
generations. 


The 2164 is functionally compatible with the 2118, the 
industry standard 5V-only 16-pin 16K dynamic RAM. This 
allows simple upgrade from 16K to 64K density merely 
by adding one additional multiplexed address line. 


RAS/CAS TIMING 


RAS and CAS have minimum pulse widths as defined by 
tras and tcas respectively. These minimum pulse widths 
must be maintained for proper device operation and data 
integrity. A cycle, once begun by bringing -RAS and/or 
CAS low must not be ended or aborted prior to fulfilling 
the minimum clock signal pulse width(s). Anew cycle can 
not begin until the minimum precharge time, tre, has been 
met. 


READ CYCLE 


A Read cycle is performed by maintaining Write Enable 
(WE) high during a RAS/CAS operation. The output pin of 
a selected device will remain in a high impedance state 
until valid data appears at the output at access time. 


WRITE CYCLE 


A Write cycle is performed by taking WE low during a 
RAS/CAS operation. Data Input (Din) _must be valid 
relative to the negative edge of WE or CAS, whichever 
transition occurs last. 


DATA OUTPUT OPERATION 


The 2164 Data Output (Dour), which has three-state 
capability, is controlled by CAS. During CAS high state 
(CAS at Vin) the output is in the high impedance state. The 
following table summarizes the Dour state for various 
types of cycles. 


Intel 2164 Data Output Operation 
for Various Types of Cycles 


Type of Cycle Dour State 


Read Cycle Data From Addressed 
Memory Cell 

Early Write Cycle HI-Z 

RAS-Only Refresh Cycle | HI-Z 

CAS-Only Cycle HI-Z 


Read/Modify/Write Cycle | Data From Addressed 
Memory Cell 


Delayed Write Cycle Indeterminate 
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REFRESH CYCLES 


There are 512 sense amplifiers, each controlling 128 
storage cells. Thus the 2164 is refreshed in 128 cycles. 
Any combination of the seven (7) low order Row Address- 
es, RAo through RAg, will select one row of data cells (512 
cells/row). Row address 7 is not critical during a refresh 
operation and can be either high or low. Although any 
cycle, Read, Write, Read-Modify-Write, or RAS-only, will 
refresh the memory, the RAS-only cycle is recommended, 
since it allows about 20% system power reduction over the 
other types of cycles. 


HIDDEN REFRESH 


An optional feature of the 2164 is that refresh cycles may 
be performed while maintaining valid data at the output 
pin. This is referred to as Hidden Refresh. Hidden Refresh 
is performed by holding CAS at Vi. and taking RAS high 
and after a specified precharge period (trae), executing a 
“RAS-Only” refresh cycle, but with CAS held low (see 
Figure below). 


MEMORY REFRESH 
CYCLE CYCLE 


RAS 


CAS \ / 
HIGH Z 
Dour DATA 


This feature allows a refresh cycle to be “hidden” among 
data cycles without affecting the data availability. 


POWER ON 


After the application of the Voo supply, or after extended 
periods of bias (greater than 2 ms) without clocks, the 
device requires a minimum of eight (8) initialization 
cycles (any combination of cycles containing RAS clock 
such as RAS-only refresh) prior to normal operation. 


The Vpp current (Ipp) requirement of the 2164 during 
power on is dependent upon the input levels of RAS and 
CAS. If the input levels of these clocks are at Vj, or Vop, 
whichever is lower, the Ipp requirement per device is Ipp; 
(lbp standby). If the input levels for these clocks are 
lower than V,,, or Vppthe Ipp requirements will be greater 
than Ipp;. For large systems, this current requirement for 
lbp could be substantially more than that for which the 
system has been designed. A system which has been 
designed assuming the majority of devices to be oper- 
ating in the refresh/standby mode, may produce suffi- 
cient Ipp loading such that the power supply may current 
limit. To assure that the system will not experience such 
loading during power on, a pullup resistor for each clock 
input to Vpp to maintain the non-selected current level 
(lpp;) for the power supply is recommended. 


PRELIMINARY 


2164-25 
65,536 x 1 BIT DYNAMIC RAM 


Maximum Access Time (ns) 


Read, Write Cycle (ns) 
Read-Modify-Write Cycle (ns) 


@ Industry Standard 16-pin DIP @ 128 Refresh Cycles/2 ms RAS-only 
Refresh 
= HMOS Technology = Non-Latched Output is Three-State 


TTL Compatible 
= Compatible with 2118 
# Inputs Allow Negative Overshoot, 


@ Single +5V Supply, +10% Tolerance 


@ All Inputs, Including Clocks, 
TTL Compatible 


Vit MIN = -2V 
@ Pin 1 is No Connect to Allow for m@ Page Mode and Hidden Refresh 
Future System Upgrade Capability 


The Intel 2164 is a 65,536 words by 1-bit N-channel MOS dynamic RAM fabricated in Intel’s production proven HMOS 
process. The 2164 is packaged in the industry standard 16-pin DIP and is designed to operate with a single + 5V power 
supply, with + 10% tolerance. The use of a single transistor cell and advanced dynamic circuitry enable the 2164 to 
achieve high speed at low power dissipation. 


Multiplexing the 16 address bits into the 8 address input pins allows the 2164 to achieve high packaging density. The 
two 8-bit TTL level address segments are latched into the 2164 by the two TTL clocks, Row Address Strobe (RAS) and 
Column Address Strobe (CAS). Non-critical timing requirements for the RAS and CAS clocks allow the use of the ad- 
dress multiplexing technique while maintaining high performance. 


The non-latched, three state, TTL compatible data output is controlled by CAS, independent of RAS. After avalid read or 
read-modify-write cycle, data is held on the data-output pin by holding CAS low. The data output is returned to a high 
impedance state, by returning CAS to a high state. Hidden refresh capability allows the device to maintain data at the 
output by holding CAS low while RAS is used to execute RAS-only refresh cycles. 


Refresh is required for data retention in one transistor storage cells. Refreshing is accomplished by performing RAS-only 
cycles, hidden refresh cycles, or normal read or write cycles on the 128 address combinations of addresses Ao through Ae, 
during a2ms period. Address input A7 is a don't care during these refresh cycles. A write cycle will refresh stored dataon 
all bits of the selected row except the bit which is addressed. 


BLOCK DIAGRAM 


PIN LOGIC 
CONFIGURATION SYMBOL 


1 OF 128 
Ri 


128 x 128 CELL + Voo 
MEMORY ARRAY 


128 x 128 CELL 


Ow 
MEMORY ARRAY DECODERS 


128 SENSE AMPLIFIERS + 128 SENSE AMPLIFIERS 


—_—Vss 


10OF 4 
1/2 (1 OF 128 We} OUTPUT Deut 
COLUMN DECODERS) GATING BUFFER 
128 SENSE AMPLIFIERS 
1 OF 128 


126 x 128 CELL w 128 x 128 CELL 
MEMORY ARRAY MEMORY ARRAY 


BIT 
1/2 (1 OF 128 
COLUMN DECODERS) 


“128 SENSE AMPLIFIERS 


Ao-A7 ADDRESS INPUTS © 


CAS COLUMN ADDRESS STROBE 
Ow DATA IN 


Dour DATA OUT 
WE WRITE ENABLE 


ROW DATA 
CLOCK INPUT 
BUFFER BUFFER 


RAS ROW ADDRESS STROBE 
Voo POWER (+ 5V) 


Vss GROUND 


intal 2164-25 PRELIMINARY 


ABSOLUTE MAXIMUM RATINGS“ “COMMENT: 


Stresses above those listed under “Absolute Maximum 
Rating” may cause permanent damage to the device. This isa 


Ambient Temperature Under Bias... —10°C.to +B0°C stress rating only and functional operation of the device at 
Storage Temperature ............... —65°C to +150°C these or at any other condition above those indicated in the 
Voltage on Any Pin Relative to Vss ...........+++. 7.5V operational sections of this specification is not implied. 
ate (Ul CANTON «cactecuxdwiapeseeewovanawaeee SOMA Exposure to absolute maximum rating conditions for 
POWEr (ISSIDANON «vc ceevisnwess ep nswenedgcuhewse 1.0W extended periods may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS!) 


Ta = 0°C to 70°C, Vpp = 5V +10%, Vss = OV, unless otherwise noted. 


| Limits | 
Parameter Typ.?| Max. | Test Conditions 


ul cc a fe neem i 

2 ee 
High Impedance State Vout = Oto 5. 5V 

3 St RS os FAS ot _1___ 


oe, Nee Supply Yoo Supp Caren pear RAS-Only 2 te 2164-25, tac = tromIN 
Cycle 
lees, ee Supply Current, Standby, mA|CAS at Vit, RAS at Vin 
Lae Enabled 


/ vic | Input Low Voltage (all inputs) Input Low Voltage (all inputs) 1 ae I BO hl errs 

[vie [Input High Vottage ‘aiinputs) | ea] [7o>v[ SS 
[Vor [OutputLowvoltage = | S| 04 | ll =42mA | 
Tver [output igh votage ———«dt2a | | Lv flow=-sma_—SSSS~SCSC~*” 


NOTES: 

1. All voltages referenced to Vss. 

2. Typical values are for Ta = 25°C and nominal supply voltages. 

3. Ipp is dependent on output loading when the device output is selected. Specified Ipp max is measured with the output open. 


CAPACITANCE" 
Ta = 25°C, Vpp = 5V + 10%, Vss = OV, unless otherwise noted. 


Parameter 


Address, Data In 


WE, Data Out 


NOTES: 
|. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation: 
C= at with AV equal to 3 volts and power supplies at nominal levels. 
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PRELIMINARY 


A.C. CHARACTERISTICS?” 


Ta = 0°C to 70°C, Vpp = 5V +10%, Vss = OV, unless otherwise noted. 
READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES 


Random Read Cycle Time 
RAS Pulse Width 
Read Command Set-Up Time 
Read Command Hold Time 


Data-In Set-Up Time 
Data-In Hold Time 
Data-In Hold Time, to RAS 


trwe 


tcrw 


CAS to WE Delay 


tcwo 


NOTES: 

1. All voltages are referenced to Vss. 

2. Eight cycles are required after power-up or prolonged periods (greater than 2 ms) 
of RAS inactivity before proper device operation is achieved. Any 8 cycles which 


perform refresh are adequate for this purpose. 9. 


3. A.C. characteristics assume tr =5 ns. 

. Assume that tacp <trcp (max.). If trop is greater than tacp (max.) then trac 
will increase by the amount that tacp exceeds tacp (max.). 

5. Load=2 TTL loads and 100 pF. 

. Assumes tacp2trcp (max.). 


> 


for) 
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3) 
170 


3 50 
Pras _| i 250 10,000 
CAS Pulse Width 135 10,000 


fee) 


7. trop (max.) is specified as a reference point only; if tacp is less than tacp 


(max.), access time is trac; if trop is greater than trop (max.), access time is 
'RCD + tcac: 


. ty is measured between Vip (min.) and Vj, (max.). 


twos: tcwp 4nd tawp are specified as reference points only; if twos2=twcs 
(min.), the cycle is an early write cycle and the data-out pin will remain high im- 
pedance throughout the entire cycle; if towp2=tcwp (min.) and tawp2trawo 
(min.), the cycle is a read-modify-write cycle and the data out will contain the 
data read from the selected address. If neither of the above conditions is satis- 
fied, the condition of the data out is indeterminate. 


i 2164-25 PRELIMINARY 


WAVEFORMS 


READ CYCLE 


trac 


a lig 
1H ' 


RAS Va “Ne 
(8) (8) tere —> Z _ | | 


taco 


CAS 
Vin (2) 
taR 
tasr <— tRaH— tasc ——tcaH 
oot [aX Xe X 
ADDR 
Vit (2YV\ ADDRESS A\ /\ ESS /\ 


t 
=| "RCS =e 


oy _  Y¥ 
WE Vi (2) 


VALID 
| DATA OUT 


IMPEDANCE (4) 


WRITE CYCLE 


(8) tcre 


tcsu ——— topy ——> 


Min aa @) tcas 
= Mi | \ (2) 
ane ot tar || 
tasr \——traH—  tasc tcaHq———> 
V, 
1H 
ADDRESSES | anhetes KX EX 
Vi @ AN 
l tRwe 
towe 
Vin +—twes—> ——— ae 
WE twe 
Vie @) \ 
twcr | 
lege tos —e mm — toy (@)——"' 


toHR 


- Vou HIGH 
vee Vou IMPEDANCE 


NOTES: 1,2. Vig min AND Vip max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3.4. Vow min AND Vo. max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Doyr. 
5. torr IS MEASURED TO lout ~* |ILo!- 
6. tps AND tpy ARE REFERENCED TO CAS OR WE, WHICHEVER\OCCURS LAST. 
7. tacH !S REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 
8. tcrnp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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WAVEFORMS 


READ-MODIFY-WRITE CYCLE 


————— D800 ee eee OO 
tg p——_ 
ww Vin 
RAS Qa) 
8 Pp 
tcre > tcPn 
a Vin 
CAS Vi 
Vin YG ROW \¥/ \F COLUMN K/ 
1 
ADDRESSES vi A @) ADDRESS A A ADDRESS A 
@ } 
WE Vin 
Viv 
| h— ton-—> 
©) tos 
>. (NM | Vi) patain ¥/ 
V, | 
IN YL /N VALID /\ 
=== = ag Q) 
<—____ —___________-—___ tgac torr 
™ 
Do Vou VALID 
Ul Vol IMPEDANCE palin 


RAS-ONLY REFRESH CYCLE 


tre 


aaa tras tap ————> 
Vind 
RAS ON® 
Vie } SJ 
tcre (8) 
—_ Vin 
CAS 
Vit 
tase +— tran 
ADDRESSES ~ Ya), ROW iy 
v £. ADDRESS 4 
iL 
@ 
Vou HIGH 
Dour 
Vou IMPEDANCE 


HIDDEN REFRESH CYCLE 
(For Hidden Refresh Operation order 2164-25, S6496) 


RAS 
all ig ee ~—+—++- tcas — 
GRE Vin Q) \ © | | | 
Vie 3 
Lahti tcaH tran 
tasr tasc tasr 
Va _LNADORESSY ADDRESS _Y/\ /\avoress A 
Onn a 
~ ‘acs >] | 
Vin (1 
™ OF | 
Vin 2) | 
=<} torr 
5 
Dour = VALID DATA ® 
Vou 


NOTES: 1,2. Vi min AND Vit max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3.4. Vow min AND Voi max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dour. 
5. torr IS MEASURED TO lout < |ILol. 
6. tps AND tony ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 
7. tacH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 
8. tceap REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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intel 2164-25 PRELIMINARY 


D.C. AND A.C. CHARACTERISTICS, PAGE MODE!’®"!! 
Ta = 0°C to 70°C, Vpp = 5V +10%, Vss = OV, unless otherwise noted. 
(For Page Mode Operation order 2164-25, $6495) 


2164-25, S6495 
Parameter Min. Max. 


| tee | Page Mode Read or Write Cycle 


| trem RAS Pulse Width, Page Mode 
CAS Pulse Width 
| Ipps | Vpp Supply Current Page Mode, Minimum tpc, Minimum tcas 


WAVEFORMS 


PAGE MODE READ CYCLE 


—trem —— 
tar — 


40) tere tec 

a loi tcas ———> tcas 
___ Vinic @) \ 
CAS 2) 


Vit 
tRAH tcAH 
pel - = a ea a 


Vin (1)\A Row WA VA cot VW \Ai co. ¥/ \4i co. V/ 
moonesses yi OX 200 KM soo XL 05 X XL aco_X 
@ | j 

| cod trcs 


trcs (6) tRCH + tacH > tRCH 


torr torr 


NOTES: 1,2. Vin min AND Vit max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. Vow min AND Voi max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dou. 
5. torr ISMEASURED TO Iout 'ILo!. 
6. tac IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 
7. ALL VOLTAGES REFERENCED TO Vss. 
8. AC CHARACTERISTIC ASSUME try = 5ns. 
9. SEE THE TYPICAL CHARACTERISTICS SECTION FOR VALUES OF THIS PARAMETER 
UNDER ALTERNATE CONDITIONS. Papen — 
10. tene REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
11. ALL PREVIOUISLY SPECIFIED A.C. AND D.C. CHARACTERISTICS ARE APPLICABLE TO THEIR 
RESPECTIVE PAGE MODE DEVICE (i.e., 2164-25, S6493 WILL OPERATE AS A 2164-25). 
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PAGE MODE 
WRITE CYCLE 


tRPM 
tar 


tRSH trp 


ae cz . 


tcas tcas tcas ———> tcpn 


“ 4 Ie a | | 


ve Vin ¥ ROW Or COL K x | on X 
Vv aa A A ADD /Sj avo X ADD 
iL 


tWCH 
twcs 
towL 
__ Vinc 
ae \ f 
Vie . 


PAGE MODE READ-MODIFY-WRITE CYCLE 


Tasr 


= SS pacer tren ————— = Se = ia tae 

Vv 
ras 1 2 

Vie 

ws trsH tcpn 

@ )tcrp 

tcrw — == tcrw —— 

V seed - 

GAS is L a ; tRWL 
L “. 
‘CAH h+—— tewr - "., — towr 
+ 


= 
I 


ial | 
1 ¥ ROW \yi COL ¥/ \F1 COL ¥/ if. : \gticor*s 
aoonesses yi Mao - Es Ge X a! lace A 


5 trcs ee B 
— tewo ho (we - twp 
| 


~ KX EX 
Vit 2X VALID A {* VALID A { VALID A 


We 


\ou 


Dour ei 


NOTES: 1,2. Vin min AND Vic max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS 
3.4. Von min AND Voi max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dour. 
5. tore ISMEASURED TO lout: |lLoi. 
tos AND toy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST 
-trcw IS REFERENCED TO THE TRAILING EDGE OF F CAS OR RAS, WHICHEVER OCCURS FIRST 
tcre REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (1.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS) 


on 
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2164-25 


PRELIMINARY 


DEVICE DESCRIPTION 


The Intel®’ 2164 is produced with HMOS, a high perform- 
ance MOS technology which incorporates on-chip sub- 
strate bias generation. This process, combined with 
new circuit design concepts, allows the 2164 to operate 
from a single +5V power supply, eliminating the + 12V 
and —5V requirements. Pin 1 is not connected, which 
allows P.C.B. layout for future higher density memory 
generations. 


The 2164 is functionally compatible with the 2118, the 
industry standard 5V-only 16-pin 16K dynamic RAM. This 
allows simple upgrade from 16K to 64K density merely 
by adding one additional multiplexed address line. 


RAS/CAS TIMING 


RAS and CAS have minimum pulse widths as defined by 
tras and tcas respectively. These minimum pulse widths 
must be maintained for proper device operation and data 
integrity. A cycle, once begun by bringing RAS and/or 
CAS low must not be ended or aborted prior to fulfilling 
the minimum clock signal pulse width(s). Anew cycle can 
not begin until the minimum precharge time, tre, has been 
met. 


READ CYCLE 


A Read cycie is performed by maintaining Write Enable 
(WE) high during a RAS/CAS operation. The output pin of 
a selected device will remain in a high impedance state 
until valid data appears at the output at access time. 


WRITE CYCLE 


A Write cycle is performed by taking WE low during a 
RAS/CAS operation. Data Input (Din) must be valid 
relative to the negative edge of WE or CAS, whichever 
transition occurs last. 


DATA OUTPUT OPERATION 


The 2164 Data Output (Dour), which has three-state 
capability, is controlled by CAS. During CAS high state 
(CAS at Vin) the output is in the high impedance state. The 
following table summarizes the Dour state for various 
types of cycles. 


intel 2164 Data Output Operation 
for Various Types of Cycles 


Type of Cycle Dour State 

Read Cycle Data From Addressed 
Memory Cell 

Early Write Cycle Hi-Z 

RAS-Only Refresh Cycle | HI-Z 

CAS-Only Cycle HI-Z 


Read/Modify/Write Cycle | Data From Addressed 
Memory Cell 


Delayed Write Cycle Indeterminate 


REFRESH CYCLES 


There are 512 sense amplifiers, each controlling 128 
storage cells. Thus the 2164 is refreshed in 128 cycles. 
Any combination of the seven (7) low order Row Address- 
es, RAo through RAg, will select one row of data cells (512 
cells/row). Row address 7 is not critical during a refresh 
operation and can be either high or low. Although any 
cycle, Read, Write, Read-Modify-Write, or RAS-only, will 
refresh the memory, the RAS-only cycle is recommended, 
since it allows about 20% system power reduction over the 
other types of cycles. 


HIDDEN REFRESH 


An optional feature of the 2164 is that refresh cycles may 
be performed while maintaining valid data at the output 
pin. This is referred to as Hidden Refresh. Hidden Refresh 
is performed by holding CAS at Vi. and taking RAS high 
and after a specified precharge period (trae), executing a 
“RAS-Only” refresh cycle, but with CAS held low (see 
Figure below). 


MEMORY REFRESH 
CYCLE CYCLE 


RAS 


CAS \ / 
HIGH Z 
Dout DATA 


This feature allows a refresh cycle to be “hidden” among 
data cycles without affecting the data availability. 


POWER ON 


After the application of:the Vpp supply, or after extended 
periods of bias (greater than 2 ms) without clocks, the 
device requires a minimum of eight (8) initialization 
cycles (any combination.of ¢ycles containing RAS clock 
such as RAS-only refresh) prior to normal operation. 


The Vpop current (Ipp) requirement of the 2164 during 
power on is dependent upon the input levels of RAS and 
CAS. If the input levels of these clocks are at Vj, Or Vop, 
whichever is lower, the lpp requirement per device is Ipp; 
(lbp standby). If the input levels for these clocks are 
lower than Vj, or Vpp the Ipp requirements will be greater 
than Ipp;. For large systems, this current requirement for 
lbp could be substantially more than that for which the 
system has been designed. A system which has been 
designed assuming the majority of devices to be oper- 
ating in the refresh/standby mode, may produce suffi- 
cient Ipp loading such that the power supply may current 
limit. To assure that the system will not experience such 
loading during power on, a pullup resistor for each clock 
input to Vpp to maintain the non-selected current level 
(lpp:) for the power supply is recommended. 
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: PRELIMINARY 
2167 


HIGH SPEED 16,384 x 1 BIT STATIC RAM 


2167-55 2167-70 2167L-70 2167-10 
Max. Access Time (ns) 


| es 
[ Max. Active Current (ma) | 125 ~=«| ~—128—=Si«|=S|S 
[Max.StandbyCurrentma) | 40 | 40 ~| 30~S«| SS 
mw 2141/2147 Upgrade = 0.8-2.0V Output Timing Reference 

= Double Poly HMOS II Technology BaYvIS 

a Completely Static Memory — No Clock 


a High Density 20-Pin Package 


or Timing Strobe Required = Directly TTL Compatible — All Inputs 
= Equal Access and Cycle Times and Output 
a Single +5V Supply a Separate Data Input and Output 
a Automatic Power Down = Three-State Output 


The Intel® 2167 is a 16,384-bit static Random Access Memory organized as 16,384 words by 1 bit. This memory is fabri- 
cated using Intel’s high-density, high-performance technology— Double Poly HMOS Il. This state of the art technology 
brings high-density to high-performance static RAMs. The design of the 2167 offers a4x density improvement over 
the industry standard 2141 and 2147 with compatible performance. The 2167 offers the automatic power-down feature 
pioneered by the Intel 2147. 

CS controls the power-down feature. In less than a cycle time after CS goes high (deselecting the 2167), the part auto- 
matically reduces its power requirements and remains in this low power standby mode as long as CS remains high. 
This device feature results in system power savings as great as 70% in larger systems where the majority of devices 
are deselected. 

The 2167 is placed in a 20-pin package configured with the industry standard 16K x 1 pinout, offering the industry’s 
highest density 16K static RAM. It is directly TTL compatible in all respects: inputs, output, and a single + 5V supply. 
The data is read out nondestructively and has the same polarity as the input data. A data input and a separate three- 
state output are used. 


LOGIC SYMBOL PIN CONFIGURATION BLOCK DIAGRAM 


MEMORY ARRAY 
128 ROWS 
128 COLUMNS 


ROW 
SELECT 


PIN NAMES 
Ao-A13 ADDRESS INPUTS | Vcc POWER (+5V) 


WE WRITE ENABLE GND GROUND 
cs CHIP SELECT 

Own DATA INPUT 

Dour oATAOUTPUT [ 
TRUTH TABLE 


[est we] == move _—joutpuT | Power | 

H| X NOT SELECTED | HIGHZ | STANDBY As As Aa As Aygo Ag Az 
Lt WRITE HIGH Z ACTIVE 

L| H READ Dout ACTIVE 
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ABSOLUTE MAXIMUM RATINGS* 
Temperature Under Bias............ =< 10°C to + 85°C *COMMENT: Stresses above those listed under “Absolute Maximum 


Ratings” may cause permanent damage to the device. This is a stress 


° ° 
Storage Temperature ao eee te — 65°C to + 150°C rating only and functional operation of the device at these or any other 
Voltage on Any Pin With conditions above those indicated in the operational sections of this 
Respect to Ground.........sceeenes —3.5V to +7V specification is not implied. Exposure to absolute maximum rating con- 
POWSr DISSINOUON << ccccstcavessneanyaaanuness 1.2W ditions for extended periods may affect device reliability 
DS. Oatoudt COMGK 06 csccdeperweeaeuseasanes 20 mA 


D.C. AND OPERATING CHARACTERISTICS") 
Ta=0°C to 70°C, Voc= +5V + 10%, unless otherwise noted. 


2167-55, 2167-70 


2167L-70, 2167-10 
Min. Typ.!2] Max. 


CS = Vin, Voc = Max., 
out = GND to 4.5V 


Ta = 25°C Voc = Max., cs = Vins 
Outputs Open 


llLo| | Output Leakage 0. 50 
Current 
Operating Current 


Standby Current 


Notes: 


1. The operating ambient temperature is guaranteed with transverse air flow exceeding 400 linear feet per minute. 
2. Typical limits are at Voc =5V, Ta= + 25°C, and specified loading. 
3. A pull-up resistor to Voc on the CS input is required to keep the device deselected; otherwise, power-on current approaches Ic¢c active. 


heal 


+5V 
A.C. TEST CONDITIONS 
4800 

Input Pulse Levels GND to 3.0V " 

Input Rise and Fall Times 5 ns ou 30 pF 

Input Timing Reference Level 1.5V 2550 (INCLUDING 

Output Timing Reference Levels 0.8-2.0V il ane 

Output Load See Figure 1 

Figure 1. Output Load 

CAPACITANCE"! 


Ta = 25°C, f= 1.0 MHz 


Input Capacitance 
Output Capacitance 


+5V 
4800 

Dout 
2550 5 pF 


- Figure 2. Output Load for tyz, tz, twz, tow 


intel 2167 PRELIMINARY 


A.C. CHARACTERISTICS 


Ta =0°C to 70°C, Voc = +5V + 10%, unless otherwise noted. 


READ CYCLE 


Ci Near 
[ReadOysetime SSC~idSSCdSCO 
Minn | Adaress Access Time | TO 
tos | hip Select Access Time «| 8 | SCO 
Ton | Output Hotd rom Access Grange [8 [8 
i ee 
of 
i sf 


za 
ra 
toy | hip Selection to PowerUp Time 
[to | hip Deselection to PowerDown Time _ 


WAVEFORMS 
READ CYCLE NO. 1 *” 


ADDRESS 


DATA OUT PREVIOUS DATA VALID DATA VALID 


DATA OUT 
IMPEDANCE 


SUPPLY 
CURRENT Icg 


Notes: 
. All Read Cycle timings are referenced from the last valid address to the first transitioning address. 


1 

2. At any given temperature and voltage Condition. tz max is less than t_z min both for a given device and from device to device. 

3. Transition is measured + 500 mV from steady state voltage with specified loading in Figure 2. This parameter is sampled and not 100% tested. 
4. WE is high for Read Cycles. 

5. Device is continuously selected. CS=Vy. __ 

6. Addresses valid prior to or coincident with CS transition low. 
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A.C. CHARACTERISTICS (Continued) 
WRITE CYCLE 


ee ae gd Fy 


Write Enabled to Output in High Z 


WAVEFORMS 
WRITE CYCLE #1 ADDRESS 
(WE CONTROLLED) * 


(ii ae 7 SZ 


ca ca 


DATA IN DATA IN VALID 
‘wz — tow 


HIGH IMPEDANCE 


DATA OUT DATA UNDEFINED 


WRITE CYCLE #2 ADDRESS 


eee 
= wR 


‘we 


* ASIANA AAS ELLIS S SLL / 


= tow : tow 
DATA IN e | + DATA.IN VALID 


wz 


HIGH IMPEDANCE 
DATA OUT DATA UNDEFINED 


Notes: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured +500 mV from steady state voltage with specified loading in Figure 2. This parameter is sampled and not 100% 
tested. 
4. CS or WE must be high during address transitions. 
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2168 
4096 x 4-BIT STATIC RAM 


Maximum Access Time (ns) 


Maximum Active Current (mA) 
Maximum Standby Current (mA) 


w 2114A/2148H Upgrade = Equal Access and Cycle Times 
a Automatic Power-Down 

a Double Poly HMOS I! Technology 

a Completely Static Memory — No Clock 


a High Density 20-Pin Package 


= Common Data Input and Output 


or Timing Strobe Required = Three-State Output 
w 0.8-2.0V Output Timing Reference 
Levels a Single +5V Supply 


The Intel® 2168 is a 16,384-bit static Random Access Memory organized as 4096 words by 4 bits. This memory is fabri- 
cated using Intel’s high-density, high-performance technology—double poly HMOS II. This state of the art technology 
brings high-density to high-performance static RAMs. The design of the 2168 offers a4x density improvement over 
the industry standard 2148A and 2114A, with compatible performance. The 2168 offers the automatic power-down 
feature pioneered by the Intel 2147. 

CS controls the power-down feature. In less than a cycle time after CS goes high (deselecting the 2168), the part auto- 
matically reduces its power requirements and remains in this low power standby mode as long as CS remains high. 
This device feature results in system power savings as great as 85% in larger systems where the majority of devices 
are deselected. 

The 2168 is placed in a 20-pin package configured with the industry standard 4K x 4 pinout, offering the industry’s 
highest density 16K static RAM. It is directly TTL compatible in all respects: inputs, output, and a single + 5V supply. 
The data is read out nondestructively and has the same polarity as the input data. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 
Ao a 
Ay >a 
A 
| eH art, menos agee 
A3 > a 64 COLUMNS 
Aa > aa 
As Le | 
Ag >a 
ee 
Tey > i COLUMN I/0 CIRCUITS 
PIN NAMES | 
v2 ° 
ADDRESS INPUTS ret DATA 
WRITE ENABLE os S si acs 7 | i i 
CHIP SELECT P re LE LE LS 


DATA INPUT/OUTPUT 
POWER (+5V) 
GROUND 


TRUTH TABLE 


H | X | NOTSELECTED| HIGH-Z | STANDBY 
L L WRITE Ow ACTIVE 
L H READ Dour ACTIVE 
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int | ADVANCE INFORMATION 


5104 
4096 x 1 BIT STATIC CMOS RAM 


a Fully Static Operation; No Clocks, a Data Retention at 2.0V 
Strobes or Latches 


Identical Cycl Access Times 
= High Performance; 150ns Access Time Centlca! Gyeie ane ! 


= TTL Compatible Inputs and Outputs a High Density 18-Pin Package 


w Microwatt Standby Power = 2141 Pin Compatible 


The Intel® 5104 is a 4096-bit CMOS RAM organized as 4096 words by 1 bit. It employs fully static circuitry 
which eliminates the need for clocks, address setup and hold times, and reduced data rates due to cycle 
times that are longer than access times. 


Using Intel’s high performance CMOS technology, it achieves both true microwatt standby power and 
access times to match present and next generation microprocessors. The 5104 is ideally suited for bat- 
tery operation and battery backup applications. 


Ao & 
>| 
A2—1) MEMORY ARRAY 


17 ROW 


64 ROWS 
he - SELEET 64 COLUMNS 


Az > 
Ag — ae 


11) ae 7) 
Din — e COLUMN I/O CIRCUITS  >— Dour 


A . R 4 i A CHIP SELECT 
YN A AS IX A /\ Din DATA INPUT 


Dout DATA OUTPUT 


“—~ 


| 


A3 Aa As Ag Aro Ant 


TRUTH TABLE 


| 
@) 


cs : = 
i el we[ ove [oureur | power 
0 = FIN NUMBERS H| x | NOT SELECTED | HIGHZ | STANDBY 
_ L}L WRITE HIGH Z | ACTIVE 
_ & 1) L |} H READ ACTIVE | ACTIVE 
WE 
Figure 1. 5104 Block Diagram Figure 2. 5104 Pin Diagram 
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5114 
1024 x 4 BIT STATIC CMOS RAM 
a Fully Static Operation; No Clocks, = Data Retention at 2.0V 


Strobes or Latches 
: ; a Identical Cycle and Access Times 
= High Performance; 150 ns Access Time 
= TTL Compatible Inputs and Outputs = High Density 18-Pin Package 


a Microwatt Standby Power a 2114A Pin Compatible 


The Intel® 5114 is a 4096-bit CMOS RAM organized as 1024 words by 4 bits. It employs fully static circuitry 
which eliminates the need for clocks, address setup and hold times, and reduced data rates due to cycle 
times that are longer than access times. 


Using Intel’s high performance CMOS technology, it achieves both true microwatt standby power and 
access times to match present and next generation microprocessors. The 5114 is ideally suited for bat- 
tery operation and battery backup applications. 


9 (amma 
i » wees 
As > eee MEMORY ARRAY 
hs @) SELECT 64 ROWS 
a 64 COLUMNS 
@ 


PIN NAMES 
TRUTH TABLE 
fs | we | Moe | output | Power 
pw [x | norsetectes [naz | stanoey. [eS owscct | 
a VOrVOs__OATAINPUTIOUTPUT. | 
Pe fw | rea [active | actve | 
Figure 1. 5114 Block Diagram Figure 2. 5114 Pin Diagram 
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2K x 8 
2048 x 8-BIT STATIC RAM 


w Fully Static Operation; No Clocks, = Two Line Control, CE Controls Power- 
Refresh or Latches Down, OE Controls Output Buffers — 
Eliminates Bus Contention 


a EPROM Compatible Pinout # 150 ns Maximum Access Time 


a Industry Standard 24-Pin Package = Auto Power-Down 


The Intel® 2K x 8 is a 16,384-bit static RAM organized as 2048 words by 8 bits. It employs fully static cir- 
cuitry which eliminates the need for clocks, refresh, or address setup and hold times. The auto power- 
down feature cuts power consumption when the device is disabled. 


The 24-pin industry standard pinout allows easy upgrades to 4K x 8 static RAMs and compatibility to the 
2732 4K x 8 and 2764 8K x 8 EPROMs in 28-pin sites. The two line control simplifies decoding and elimi- 
nates any possibility of bus contention. 


TRUTH TABLE PIN NAMES 
[OE] — MopE _| ouTPuT| POWER | AcAw ADDRESS INPUTS 
NOT SELECT STANDBY C CHIP ENABLE 


HIGH 2 | 
[— seLecTeD | HiGHz | ACTWE | 
active | 


E 
E 
WE WRITE ENABLE 

»—D, DATA INPUT/OUTPUT 
cc 


Vv POWER (+5V) 
GND GROUND 


OE OUTPUT ENABLE 
Ww 
D 


LOGIC PIN 
SYMBOL CONFIGURATION COMPATIBLE PINOUTS 
2Kx8 SRAM 2Kx8 SRAM 4Kx8 SRAM 8Kx8 SRAM 8Kx8 EPROM 


1 
2 
3 
4 
5 
6 
rs 
8 
9 


Figure 1. 2K x 8 Pin Diagram Figure 2. Compatible Pinouts 
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intel ADVANCE INFORMATION 


4K x8 
4096 x 8-BIT STATIC RAM 


a Fully Static Operation; No Clocks, a Two Line Control, CE Controls Power- 
Refresh or Latches Down, OE Controls Output Buffers — 


= EPROM Compatible JEDEC Standard Eliminates Bus Contention 
Pinout 


= 2764 Compatible 28-Pin Package — 
Allows Easy Upgrade To 8K x 8 SRAM 
Without Jumpers a Auto Power-Down 


a 150 ns Maximum Access Time 


The Intel® 4K x 8 is a 32,768-bit static RAM organized as 4096 words by 8 bits. It employs fully static cir- 
Cuitry which eliminates the need for clocks, refresh, or address setup and hold times. The auto power- 
down feature cuts power consumption when the device is disabled. 


The 28-pin JEDEC standard pinout allows easy upgrades to 8K x 8 static RAMs and compatibility to the 
2732 4K x 8 and 2764 8K x 8 EPROMs — without jumpers. The two line control simplifies decoding and 
eliminates any possibility of bus contention. 


TRUTH TABLE PIN NAMES 
Ac—A:; | ADDRESS INPUTS 


WE 
Do 


PIN COMPATIBLE PINOUTS 
CONFIGURATION 
4Kx8 SRAM 8Kx8 SRAM 8Kx8 EPROM 


Figure 1. 4K x 8-Pin Diagram Figure 2. Compatible Pinouts 
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intel ADVANCE INFORMATION 


21D0 
8192 x 8-BIT PSEUDOSTATIC RAM 


= Synchronous and Asynchronous a JEDED JC-42 Standard Pinout 
wares ; = Single-Step Capability 
a Fully Integrated On-Chip Refresh 
aa s Two-Line Data Bus Control 
= On-Chip Signal Arbitration 
5 i°) 
= Processor Handshake Signal a Single +5V + 10% Supply 


a Automatic Wake-Up a Proven HMOS-D2 Reliability 
= 90 mA Active, 12 mA Standby =» 170 ns Access, 300 ns Cycle Times 


The Intel 21D0 is an 8192-word by 8-bit pseudostatic random access memory fabricated on Intel’s high 
performance HMOS-D2 dynamic RAM technology. By integrating all refresh control circuitry at the chip 
level, the 21D0 allows the system designer to take advantage of dynamic RAM density, power consump- 
tion and price without the added cost of designing the refresh control interface. Complete on-chip cir- 
cuitry includes refresh address counting and multiplexing, refresh interval timing and high speed request 
arbitration. Designed for flexible operation in virtually any microprocessor system, the 21D0 incorporates 
many features unique to microprocessor applications. These include auto precharge for single-step 
operation, automatic power-up, activated through the system reset, and two-line data bus control to 
eliminate bus contention. 


Offered in two separate versions, the 21D0 is optimized to operate on either synchronous or asynchro- 
nous system memory buses. For synchronous operation, all internal functions are disabled except re- 
fresh address counting and multiplexing. In this application, the user must provide the specified 128 
pulses to the REFEN input every 2 msec. For asynchronous operation, a handshake signal to the proces- 
sor, called READY, is provided in lieu of REFEN to indicate when memory and system timings are incom- 
patible (as during a refresh operation). A not ready condition occurs only when a 21D0 has been accessed 
by CE going low during a refresh cycle. When this occurs, the refresh cycle is completed, READY is re- 
leased to be pulled back high to Vcc, and the memory cycle continues to completion. 
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Az Ag Ag Ain Ari A12 : : RDY/REFEN e 1 28 | Vcc 
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X-ADDRESS 


MULTIPLEXER 
& 
X DRIVER 


PIN NAMES 


ADDRESS INPUTS 04 
CHIP ENABLE 

OUTPUT ENABLE 10. 
WRITE ENABLE 

DATA INPUT/OUTPUT 

REFRESH ENABLE Vss L_] 14 03 
READY 


+5V POWER 28-LEAD 


GROUND 


“REFEN OFFERED WITH SYNCHRONOUS VERSION ONLY 
RDY OFFERED WITH ASYNCHRONOUS VERSION ONLY 
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intel ADVANCE INFORMATION 


21D1 
4096 x 8-BIT PSEUDOSTATIC RAM 


= Multiplexed Address and Data Buses w Fully Integrated Refresh 


= 8 or 16-Bit System Capability a Fully Integrated Control Logic 
a On-Chip Arbitration 


= Processor Handshake 
= Proven HMOS-D2 Reliability = Multiple Refresh Modes 
= 50 mA Active, 10 mA Standby = 200 ns Access, 400 ns Cycle Times 


The Intel 21D1 is a 4096-word by 8-bit pseudostatic random access memory — PSRAM. Integrating all 
refresh control circuitry at the chip level allows the system designer to take advantage of dynamic RAM 
density, performance and price without the added cost of designing the refresh control interface. The 
21D1 is intended for use with multiplexed address/data bus microprocessors such as the Intel iAPX 86 
and iAPX 88. Flexible data bus control options permit the 21D1 to be arranged for operation on either 8-bit 
or 16-bit data buses. All operating parameters have been optimized for high performance, no wait-state 
operation without TTL interface components. Output drive capabilities and access times are consistent 
with all present and future microprocessors. 


Complete on-chip refresh control circuitry includes refresh address counting and multiplexing, refresh 
interval timing, and high speed request arbitration. Refresh operation may be controlled either externally 
by synchronously strobing the REFEN input 128 times in 2 msec, or internally by holding REFEN input to 
.ground. In the internal mode of refresh operation, all refresh is automatic and nearly transparent to the 
user. A handshake signal to the processor, called READY, is provided to indicate when memory access 
occurs during refresh operation. READY is used to stop the microprocessor until the 21D1 has finished 
doing refresh. READY, an open drain output, is then released to be pulled back high to Vcc, and the 21D1 
continues with the externally requested access cycle. 


Data output location is controlled by two external pins. The internal 8-bit data bus can be shifted between 
the upper eight data I/O pins or the lower eight data I/O pins. This allows the same part to be used in either 
8-bit or 16-bit systems. Multiple levels of chip selects permit linear selection of RAM by the highest order 
addresses. 


a Automatic Wake-Up 


CSICS <» 

REFEN >] REFRESH LOGIC & 
ALE TIMING CONTROL 
RDY 


PIN NAMES 


ADDRESS/DATA I/O 

DATA W/O 

READY 

REFRESH ENABLE 
WRITE ENABLE 

OUTPUT ENABLE 
ADDRESS LATCH ENABLE 


ROW DECODER 


BYTE HIGH ENABLE/8-16 
UPPER/LOWER 

CHIP SELECTS 

GROUND 

+5 VOLTS 


PIN-OUT 
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Fe a an clara ate pte ete eae tate ect. 2. te 8 © 8 8 28 6 8 8 6 6s 88 8 86s 8 8 a eh Oe 


Read Only Memory a 
Memory Support 


Maximum Operating 
Maximum Power Temperature 
Access Dissipation Range 
(ns) (mW) (°C) 


2048x8 925/132 5V+5% 
2048x8 Or 950/138 5SV+10% 


2048x8 .' 525/132 5V+5% 
2048x8 a. 525/132 SV +5% 
2048x8 525/132 9V+5% 


12716 | 16384]  2048x8 ree a 605/165 | -40to85 | 5V+5% 
M2716M |16384/ 2048x8 | 24 | TAS. 450 635/165 | —55to 125 | 5V+10% 
M2716 —-| 16384]  2048x8 | 24 | TS. 450 635/165 | —55to 100 | 5V+10% 


4096x8 790/185 
4096x8 o. 790/185 
4096x8 S: 790/185 


4096x8 D. 790/185 
4096x8 a. 790/185 
4096x8 790/185 


825/250 -—55 to 100 | 5V+10% 


825/250 -—55 to 125 | 5V+10% 


8192x8 790/185 
8192x8 as 790/185 
8192x8 5: 790/185 
8192x8 oi 790/185 


MOS E?PROM FAMILY 


2048x8 .S. 495/135 0 to 70 9V+5% 
2048x8 o. 495/135 0 to 70 9V+5% 


2048x8 S. 825/195 -55to 125 | 5V+10% 
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BIPOLAR PROM FAMILY 


Maximum 
Maximum Power 
Access Dissipation 
sits Organization (mW) 


Operating 
Temperature 
Range 
(°C) 


1024x8 0 to 75 5V+10% 
1024x8 0 to 75 5V+10% 
1024x8 0 to 75 5V+10% 
2048x8 0 to 75 5V+10% 
2048x8 0 to 75 5V + 10% 
2048x8 0 to 75 SV +10% 
2048x8 0 to 75 5V+10% 


2048x8 — 50 to 125 5V+5% 


BIPOLAR PROM CROSS REFERENCE 


intel Part Number 


Part Prefix and Direct For New 
Number Manufacturer Organization Replacement Designs 


828181 N-Signetics 1024x8 3628A-3 3628A-1 
828191 N-Signetics 2048x8 3636B-1 
82S191 S-Signetics 2048x8 
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in 2716* 
16K (2K x 8) UV ERASABLE PROM 


a Fast Access Time a Pin Compatible to Intel® 2732 EPROM 
— 350 ns Max. 2716-1 


ee— 390 ns Max. 2716-2 “== 
— 450 ns Max. 2716 
— 490 ns Max. 2716-5 
— 650 ns Max. 2716-6 


s Simple Programming Requirements 
— Single Location Programming 
— Programs with One 50 ms Pulse 


a Single + 5V Power Supply a Inputs and Outputs TTL Compatible 


a Low Power Dissipation during Read and Program 


— 525 mW Max. Active Power 
— 132 mW Max. Standby Power = Completely Static 


The Intel® 2716 is a 16,384-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 2716 
operates from a single 5-volt power supply, has a static standby mode, and features fast single address location program- 
ming. It makes designing with EPROMs faster, easier and more economical. 


The 2716, with its single 5-volt supply and with an access time up to 350 ns, is ideal for use with the newer high performance 
+5V microprocessors such as Intel’s 8085 and 8086. A selected 2716-5 and 2716-6 is available for slower speed applications. 
The 2716 is also the first EPROM with a static standby mode which reduces the power dissipation without increasing access 
time. The maximum active power dissipation is 525 mW while the maximum standby power dissipation is only 132 mW, a 
75% savings. 


The 2716 has the simplest and fastest method yet devised for programming EPROMs — single pulse TTL level programming. 
No need for high voltage pulsing because all programming controls are handled by TTL signals. Program any location at any 
time—either individually, sequentially or at random, with the 2716's single address location programming. Total programming 
time for all 16,384 bits is only 100 seconds. 


PIN CONFIGURATION MODE SELECTION 
2716 2732! 


CE/PGM OE OUTPUTS 
(18) (9-11, 13-17) 


Program Pulsed et to Vip 
Program Verify 


BLOCK DIAGRAM 


tRefer to 2732 DATA OUTPUTS 
Vcc O————e Oo 07 
data sheet for ie < cate 
specifications vpp oO» 


OE 
CE/PGM 


OUTPUT ENABLE 
CHIP ENABLE AND 
PROG LOGIC 


OUTPUT BUFFERS 


proanme | 


16 384 BIT 
CkLL MATHIX 


PIN NAMES 


foe | OurPuTeNaBLE 
fo,-0, | ovreurs id 


Y 
DECODER 


Ao- A10 
ADORESS 
INPUTS 


x 
DECODER 
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PROGRAMMING 


The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions Section. 


Absolute Maximum Ratings* 


Temperature Under Bias... ......0055 -10°C to +80°C *COMMENT: Stresses above those listed under ‘‘Absolute Maxi- 
Storage Temperature.............. -65°C to +125°C mum Ratings’’ may cause permanent damage to the device. This is a 
All Input or Output Voltages with stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sec- 


Respect to Ground ee aa ee +6V to -0.3V tions of this specification is not implied. Exposure to absolute 
Vpp Supply Voltage with Respect maximum rating conditions for extended periods may affect device 
to Ground During Program ........ +26.5V to -0.3V reliability. 


DC and AC Operating Conditions During Read 


[vr Power soni [Vez | ver | vee | Yer [Ver 


READ OPERATION 
D.C. and Operating Characteristics 


Parameter Unit Conditions 


in [ee [wo 
Po 

fas ort mt 0 oe Pra 
eei® | veceurenisinay |_| 1 | 2 | ma | Fav OE=va 
[fr [ ie 

orf [ee 

Peo 

sf 

—— 


Temperature Range 


A 
eas [Vv [tos2tma 
Lv Pion -s00ua 
. Vpp may be connected directly to Vcc except during programming. The supply current would then be the sum of !c¢c¢ and I pp}. 


NOTES: 1. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 


1 
2 
3. Typical values are for Ta = 25°C and nominal supply voltages. 
4. This parameter is only sampled and is not 100% tested. 


Typical Characteristics 


tcc (mA) 


Icc CURRENT ACCESS TIME ACCESS TIME 
vs. vs. vs. 
TEMPERATURE CAPACITANCE TEMPERATURE 

700 
600 
500 
2 400 
8 
<x 
- 300 
icc1 STANDBY CURRENT 200 
“VIH 


0 100 200 300 400 500 600 700 800 
TEMPERATURE ( C) Cv (pF) TEMPERATURE (°C) 
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2716 


A.C. Characteristics 


Limits (ns) 
- - 2716-5 2716-6 Test 
Symbol Parameter ; iin Conditions 
. ; . | Min. Max. | Min. Max, 


CE to Output Delay 


re, 


Output Enable to Output Delay C . “120 7 


ton Output Hold from Addresses, CE or 
OE Whichever Occurred First 


aaa] homer [4] Ta = 25°C, f = 1 MHz A.C. Test Conditions: 


Output Load: 1 TTL gate and C, = 100 pF 
Input Rise and Fall Times: <20 ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 
Inputs 1V and 2V 
Outputs 0.8V and 2V 


[arte | |e | [vr 


A. C. Waveforms [1] 


ADDRESSES 4 eae aa 
e 
CE 
tce 
OE 


[5] 
tacc 


_. ey //////, 
ANNAN 


NOTE: 1. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

2. Vpp may be connected directly to Vcc except during programming. The supply current would then be the sum of Icc and Ipp}1. 
3. Typical values are for Ta = 25°C and nominal supply voltages. 

4. This parameter is only sampled and is not 100% tested. 

5. This parameter is only sampled and is not 100% tested. 

6. OE may be delayed up to tacc - tog after the falling edge of CE without impact on tacc. 

7 


. tpf is specified from OE or CE, whichever occurs first. 
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ERASURE CHARACTERISTICS 


The erasure characteristics of the 2716 are such that erasure 
begins to occur when exposed to light with wavelengths 
shorter than approximately 4000 Angstroms (A). It should 
be noted that sunlight and certain types of fluorescent 
lamps have wavelengths in the 3000—4000A range. Data 
show that constant exposure to room level fluorescent 
lighting could erase the typical 2716 in approximately 3 
years, while it would take approximatley 1 week to cause 
erasure when exposed to direct sunlight. If the 2716 is to 
be exposed to these types of lighting conditions for ex- 
tended periods of time, opaque labels are available from 
Intel which should be placed over the 2716 window to 
prevent unintentional erasure. 


The recommended erasure procedure (see Data Catalog 
PROM/ROM Programming Instruction Section) for the 
2716 is exposure to shortwave ultraviolet light which has 
a wavelength of 2537 Angstroms (A). The integrated dose 
(i.e., UV intensity X exposure time) for erasure should be 
a minimum of 15 W-sec/cm2. The erasure time with this 
dosage is approximately 15 to 20 minutes using.an ultra- 
violet lamp with a 12000 pW/cm? power rating. The 2716 
should be placed within 1 inch of the lamp tubes during 
erasure. Some lamps have a filter on their tubes which 
should be removed before erasure. 


DEVICE OPERATION 


The five modes of operation of the 2716 are listed in Table 
|. It should be noted that all inputs for the five modesare at 
TTL ievels. The power supplies required are a +5V Vcc and 
a Vpp. The Vpp power supply must be at 25V during the 
three programming modes, and must be at 5V in the other 


two modes. 
TABLE |. MODE SELECTION 


PINS Vep | Vcc | OUTPUTS 
(21) | (24) | (9-11, 13-17) 


[Povam | Puesvivevin | vm | 7 5 | OW 


CE/PGM 
(18) 


Program Inhibit 


READ MODE 


The 2716 has two control functions, both of which must be 
logically satisfied in order to obtain data at the outputs. 
Chip Enable (CE) is the power control and should be used 
for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output 


pins, independent of device selection. Assuming that 
addresses are stable, address access time (tacc) is equal to 


the delay from CE to output (tce). Data is available-at 
the outputs 120 ns (tog) after the falling edge of OE, 
assuming that CE has been low and addresses have been 
stable for at least tacc — tog. 


STANDBY MODE 


The 2716 has a standby mode which reduces the active 
power dissipation by 75%, from 525 mW to 132 mW. The 
2716 is placed in the standby mode by applying a TTL high 
signal to the CE input. When in standby mode, the outputs 
are in a high impedence state, independent of the OE input. 
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OUTPUT OR-TIEING 


Because 2716's are usually used in larger memory arrays, 
Intel has provided a 2 line control function that accomo- 
dates this use of multiple memory connections» The two 
line control function allows for: 
a) the lowest possible memory power dissipation, and 
b) complete assurance that output bus contention will 
not occur. 
To most efficiently use these two control lines, it is recom- 
mended that CE (pin 18) be decoded and used as the 
primary device selecting function, while OE (pin 20) be 
made a common connection to all devices in the array and 
connected to the READ line from the system control bus. 
This assures that all deselected memory devices are in their 
low power standby mode and that the output pins are only 
active when data is desired from a particular memory 
device. 


PROGRAMMING (See Programming Instruction Section 
for Waveforms.) 

Initially, and after each erasure, all bits of the 2716 are in 
the ‘‘1’’ state. Data is introduced by selectively program- 
ming ‘‘0’s’’ into the desired bit locations. Although only 
0's’’ will be programmed, both ‘'1’s’’ and ‘‘0’s’’ can be 
presented in the data word. The only way to change a ‘’0” 
to a‘‘1"' is by ultraviolet light erasure. 


The 2716 is in the programming mode when the Vpp power 
supply is at 25V and OE is at Vin. The data to be pro- 
grammed is applied 8 bits in parallel to the data output 
pins. The levels required for the address and data inputs are 
TTL. 

When the address and data are stable, a 50 msec, active 
high, TTL program pulse is applied to the CE/PGM input. 
A program pulse must be applied at each address location 
to be programmed. You can program any location at any 
time — either individually, sequentially, or at random. 
The program pulse has a maximum width of 55 msec. The 
2716 must not be programmed with a DC signal applied to 
the CE/PGM input. 


Programming of multiple 2716s in parallel with the same 
data can be easily accomplished due to the simplicity of 
the programming requirements. Like inputs of the paral- 
leled 2716s may be connected together when they are pro- 
grammed with the same data. A high level TTL pulse 
applied to the CE/PGM input programs the paralleled 
27165. 


PROGRAM INHIBIT 


Programming of multiple 2716s in parallel with different 
data is also easily accomplished. Except for CE/PGM, all 
like inputs (including OE) of the parallel 2716s may be 
common. A TTL level program pulse applied to a 2716's 
CE/PGM input with Vpp at 25V will program that 2716. 
A low level CE/PGM input inhibits the other 2716 from 
being programmed. 


PROGRAM VERIFY 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The verify 
may be performed wth Vpp at 25V. Except during pro- 
gramming and program verify, Vpp must be at 5V. 


intel 


= Fast Access Time: = Output Enable for MCS-85™ and MCS- 
— 390ns Max. 2732-4 86™ Compatibility 
— 450 ns Max. 2732 
— 550ns Max. 2732-6 


2732 
32K (4K x 8) UV ERASABLE PROM 


= Low Power Dissipation: 


a Industry Standard Pinout — JEDEC — 150mA Max. Active Current 
Approved — 35mA Max Standby Current 


= Pin Compatible to Intel’s EPROM 
Family: 2716, 2732A, 2764 = Single +5V+5% Power Supply 


The Intel® 2732 is a 32,768-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 2732 
operates from a single 5-volt power supply, has a standby mode, and features an output enable control. The total pro- 
gramming time for all bits is three and a half minutes. The 2732 family with an access time up to 390 ns enhances 
microprocessor system performance. This family, in conjunction with the 250 ns 2732A family, solves the problem of 
WAIT states due to slow memories. 


An important 2732 feature is the separate output control, Output Enable (OE) from the Chip Enable control (CE). The 
OE control eliminates bus contention in multiple bus microprocessor systems. Intel’s Application Note AP-72 
describes the microprocessor system impiementation of the OE and CE controls on Intel’s 2716 and 2732 EPROMs. 
AP-72 is available from Intel’s Literature Department. 


The 2732 has a standby mode which reduces the power dissipation without increasing access time. The maximum 
active current is 150mA, while the maximum standby current is only 35mA, a 75% savings. The standby mode is 
achieved by applying a TTL-high signal to the CE input. 


2732 2732A MODE SELECTION 


CE | OE/Vpp Vec OUTPUTS 
(18) | (20) (24) | (9-11,13-17) 


PIN CONFIGURATION PIN CONFIGURATION 


‘ ial 
2 As 
| 
; as ; +5 | 
4 Aa] te 
6 f= Program Verify Vit 
7 i.e 
ae Program Inhibit} Vii High Z 
9 OU 
10 Ot 


_ 
_ 
e) 
nN 
a 


BLOCK DIAGRAM 


-_ 

N 
i?) 
= 
Oo 
a 


DATA OUTPUTS 
Vcc o——> 00-07 


OUTPUT BUFFERS 
; Y-GATING 


PIN NAMES = 


CE LOGIC 


Y 
DECODER 


x 
DECODER 


ADDRESSES 
CHIP ENABLE 


Ao-A11 | 
ADDRESS 
INPUTS 


CE 


| O& | OUTPUT ENABLE 32,768-BIT 
OUTPUTS CELL MATRIX 
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The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions Section. 
ABSOLUTE MAXIMUM RATINGS* “COMMENT 

Stresses above those listed under “Absolute Maximum Ratings” may cause 
Temperature Under Bias ............ -10°C to +80°C permanent damage to the device. This is a stress rating only and functional 
Storage Temperature mshoas at/Piitattncat -65°C to +125°C operation of the device at these or any other conditions above those 


2 indicated in the operational sections of this specification is not implied. 
All Input or Output Voltages with Exposure to absolute maximum rating conditions for extended periods 
RGESHOCt TO GPOUNG .éciccssarcccnsacss +6V to -0.3V may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS 
Ta = 0°C to 70°C, Voc = +5V + 5% 


READ OPERATION 


| tur | Input Load Current (except OE/Vep) | | | 10 | eA [Vin =5.25V 
ise [OE Wee input uoed Curent SY to 9s [vss 


| wo [Output Leakage Current ||| tw [Vour=5.25V 
Ticor | Vee Current (Standby, ———S~S~SSSC*idSC( 88m CE OV 
toce [Voc Gurrent (Active) ——=S~SC~—~SSC*dSCS SB] mA OE CEH 
Tv [input Low voltage SCSC~S~— SO 

Vin [input High Vortage ———SSS~C~S~S~sC «dW 
Output Low Voltage rd | 
a oad 


Output High Voltage 


Note: 1. Typical values are for Ta = 25°C and nominal supply voltages. 


lo. = 2.1mA 


TYPICAL CHARACTERISTICS 


loc CURRENT CE TO OUTPUT DELAY (tc,) CE TO OUTPUT DELAY (t¢,) 
VS. TEMPERATURE VS. CAPACITANCE VS. TEMPERATURE 


lccg (ACTIVE CURRENT) 
CE= Vy. 


lec (mA) 
tce (ns) 
tce (ns) 


0 
0 10 20 30 40 50 60 70 80 0 100 200 300 400 500 600 700 goo 
TEMPERATURE (°C) C. (pF) 


TEMPERATURE (°C) 
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A.C. CHARACTERISTICS 
Ta = 0°C to 70°C, Voc = +5V + 5% 


Test 
Conditions 


Address to Output Delay 
CE to Output Delay 390 


| toes | Output Enable to Output Delay | | 120 | 
Pte. Output Enable High to Output Float 0 | 100 | 


CAPACITANCE [1] 1, = 25°C, f= 1MHz A.C. TEST CONDITIONS 
[Symbol] Parameter | Typ. | Max. | Unit| Conditions 
Cint Input Capacitance 
Except OE/Vpp 4 pF | Vin = OV 
Cin2 | OE/Vpp Input 
Capacitance pF | Vin = OV 


[Cour [Output Capacitance | | 12 | oF [vour= ov 


Output Load: 1 TTL gate and Ci = 100pF 
Input Rise and Fall Times: < 20ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 
Inputs 1V and 2V 
Outputs 0.8V and 2V 


A.C. WAVEFORMS /2! 
ADDRESSES 4 oe b 
CE 
- tee 
OE 
‘OE tor 
al (4) 
tacc t 
3) (0) 


AANA 72, 


NOTES: 
1. THIS PARAMETER IS ONLY SAMPLED AND IS NOT 100% TESTED. 
2. ALL TIMES SHOWN IN PARENTHESES ARE MINIMUM TIMES AND ARE NSEC UNLESS OTHERWISE SPECIFIED. 
3, OE MAY BE DELAYED UP TO tacc — tog AFTER THE FALLING EDGE OF CE WITHOUT IMPACT ON tacc. 
4. tor IS SPECIFIED FROM OE OR CE, WHICHEVER OCCURS FIRST. 
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ERASURE CHARACTERISTICS 


The erasure characteristics of the 2732 are such that 
erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000-4000A 
range. Data show that constant exposure to room level 
fluorescent lighting could erase the typical 2732 in 
approximately 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. If 
the 2732 is to be exposed to these types of lighting 
conditions for extended periods of time, opaque labels are 
available from Intel which should be placed over the 2732 
window to prevent unintentional erasure. 


The recommended erasure procedure (see Data Catalog) 
for the 2732 is exposure to shortwave ultraviolet light 
which has a wavelength of 2537 Angstroms (,). The inte- 
grated dose (i.e., UV intensity X exposure time) for 
erasure should be a minimum of 15 W-sec/cm*. The 
erasure time with this dosage is approximately 15 to 20 
minutes using an ultraviolet lamp with a 12000 u.Wicm? 
power rating. The 2732 should be placed within 1 inch of 
the lamp tubes during erasure. Some lamps have a filter 
on their tubes which should be removed before erasure. 


DEVICE OPERATION 


The five modes of operation of the 2732 are listed in 
Table 1. A single 5V power supply is required in the read 
mode. All inputs are TTL levels except for OE/Vpp during 
programming. In the program mode the OE/Vpp input is 
pulsed from a TTL level to 25V. 


TABLE 1. Mode Selection 


woot 


tm | Pea 
(20) 


Read Mode 


The 2732 has two control functions, both of which must 
be logically satisfied in order to obtain data at the out- 
puts. Chip Enable (CE) is the power control and should 
be used for device selection. Output Enable (OE) is the 
output control and should be used to gate data to the 
Output pins, independent of device selection. Assuming 
that addresses are stable, address access time (tacc) is 
equal to the delay from CE to output (tc¢). Data is 
available at the outputs 120ns (to¢) after the falling edge 
of OE, assuming that CE has been low and addresses 
have been stable for at least tacc — tog. 


Standby Mode 


The 2732 has a standby mode which reduces the active 
power current by 75%, from 150mA to 35mA. The 2732 
is placed in the standby mode by applying a TTL high 
signal to the CE input. When in standby mode, the out- 


puts are in a high impedance state, independent of the 
OE input. 


Output OR-Tieing 


Because EPROMsS are usually used in larger memory ar- 
rays, Intel has provided a 2 line control function that ac- 
commodates this use of multiple memory connections. 
The two line control function allows for:. 


a) the lowest possible memory power dissipation, and 
b) complete assurance that output bus contention will 
not occur. 


To most efficiently use these two control lines, it is 
recommended that CE (pin 18) be decoded and used as 
the primary device selecting function, while OE (pin 20) 
be made a common connection to all devices in the ar- 
ray and connected to the READ line from the system 
control bus. This assures that all deselected memory 
devices are in their low power standby mode and that 
the output pins are only active when data is desired 
from a particular memory device. 


PROGRAMMING (See Programming Instruction Section 
for Waveforms.) 

Initially, and after each erasure, all bits of the 2732 are in 
the “1” state. Data is introduced by selectively program- 
ming “0's” into the desired bit locations. Although only 
“Q's” will be programmed, both "1’s” and "0’s” can be 
presented in the data word. The only way to change a “0” 
to a “1” is by ultraviolet light erasure. 


The 2732 is in the programming mode when the OE/Vpp 
input is at 25V. It is required that a 0.1uF capacitor be 
placed across OE/Vpp and ground to suppress spurious 
voltage transients which may damage the device. The data 
to be programmed is applied 8 bits in parallel to the data 
Output pins. The levels required for the address and data 
inputs are TTL. 


When the address and data are stable, a 50msec, active 
low, TTL program pulse is applied to the CE input. A 
program pulse must be applied at each address location to 
be programmed. You can program any location at any 
time — either individually, sequentially, or at random. The 
program pulse has a maximum width of 55msec. The 2732 
must not be programmed with a DC signal applied to the 
CE input. 

Programming of multiple 2732s in parallel with the same 
data can be easily accomplished due to the simplicity of 
the programming requirements. Like inputs of the 
paralleled 2732s may be connected together when they 
are programmed with the same data. Alow level TTL pulse 
applied to the CE input programs the paralleled 2732s. 


Program Inhibit 


Programming of multiple 2732s in parallel with different 
data is also easily accomplished. Except for CE, all like 
inputs (including OE) of the parallel 2732s may be 
common. A TTL level program pulse applied to a 2732’s 
CE input with OE/Vpp at 25V will program that 2732. A 
high level CE input inhibits the other 2732s from being 
programmed. 


Program Verify 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The 
verify is accomplished with OE/Vpp and CE at Vic. Data 
should be verified tpv after the falling edge of CE. 
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2732A 
32K (4K x 8) UV ERASABLE PROM 


@ 200ns (2732A-2) Maximum Access & Pin Compatible to 2764 EPROM 
Time ... HMOS*-E Technology 

= Compatible to High Speed 8mHz a Pia aaa Pinout... JEDEC 
8086-2 MPU .. .Zero WAIT State sii 

@ Two Line Control @ Low Standby Current... 35mA Max. 


The Intel 2732A is a 5V only, 32,768 bit ultraviolet erasable and electrically programmable read-only memory (EPROM). It 
is pin compatible to Intel’s 450ns 2732. The standard 2732A’s access time is 250ns with speed selection (2732A-2) 
available at 200ns. The access time is compatible to high performance microprocessors, such as the 8mHz 8086-2. In 


these systems, the 2732A allows the microprocessor to operate without the addition of WAIT states. 


An important 2732A feature is the separate output control, Output Enable (OE), from the Chip Enable control (CE). The OE 
control eliminates bus contention in multiple bus microprocessor systems. Intel’s Application Note AP-72 describes the 
microprocessor system implementation of the OE and CE controls on Intel’s EPROMs. AP-72 is available from Intel’s 


Literature Department. 


The 2732A has a standby mode which reduces the power dissipation without increasing access time. The maximum 
active current is 150mA, while the maximum standby current is only 35mA, a 75% saving. The standby mode is achieved 


by applying a TTL-high signal to the CE input. 
The 2732A is fabricated with HMOS*-E technology, Intel’s high speed N-channel MOS Silicon Gate Technology. 


MODE SELECTION 


SS s/s 
(18) (20) (24) ha 11,13-17) 


BLOCK DIAGRAM 


2764 
2732 PIN CONFIGURATION 


PIN CONFIGURATION 


DATA OUTPUTS 
(1]For total compatibility from ‘ce o————= 00-07 


2732A provide a trace to pin 26 GNO o——> 
Y 
DECODER 
x 
DECODER 


PIN NAMES a. 


| Ao-Anr_| ADDRESSES 
CHIP ENABLE 


OUTPUT ENABLE 


or 


Ao-Ai1 | — 
AODRESS 
INPUTS 


32,768-BIT 
CELL MATRIX 


*“HMOS is a patented process of Intel Corporation. 


2732A 


PROGRAMMING 


The programming specifications are described in the Data Catalog PROM/ROM Programming 


Instructions Section. 


Absolute Maximum Ratings* 


Temperature Under Bias............ -—10°Cto +80°C 
Storage Temperature ............. -—65°Cto +125°C 
All Input or Output Voltages with 

Respect to Ground ................. +6Vto —0.3V 
Vpp Supply Voltage with Respect to Ground 

During Programming .............. +22V to —0.3V 


DC and AC Operating Conditions During Read 


Operating Temperature Range 


“COMMENT: Stresses above those listed under ‘Absolute Maximum 
Ratings” may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


2732A 2732A-2 2732A-3 
0°C — 70°C 0°C — 70°C 0°C — 70°C 
5V+5% 5V+5% 5V+5% 


Voc Power Supply 


READ OPERATION 
D.C. and Operating Characteristics 


Symbol Parameter 


lie Input Load Current 
lLo Output Leakage Current 
loci Voc Current (Standby) 


Voc Current (Active) 


Vit Input Low Voltage —0.1 


Vin Input High Voltage 
VoL Output Low Voltage 


Q- 
1?) 
DS) 


Von Output High Voltage 


NOTES: 1. Typical values are for Ts = 25°C and nominal supply voltages. 
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PRELIMINARY 


A.C. Characteristics 


Symbol Pararninter 2732A Limits 2732A-2 Limits 2732A-3 Limits Test 
Min Typl] Max} Min Typl'] Max| Min Typl!'l Max Conditions 
taco [Address to Output Delay | 250] 200 300 | ns | CE=OE=Vy 
toe __| CE to Output Delay ee) ee) 300_[-ns | OF=Vi 
tor Output Enable to Output 10 100} 10 70 | 10 150 CE=V;, 
Delay 
tor Output Enable High to Output 0 60 | 0 130 CE= Vy. 
Float 
ton Output Hold from Addresses, CE=OE= Vit 
CE or OE Whichever Occurred 
First 
CAPACITANCE [1] T, = 25°C, f=1MHz A.C. TEST CONDITIONS 


Output Load: 1 TTL gate and CL = 100pF 


Input Capacitance Input Rise and Fall Times: < 20ns 


AE Input Pulse Levels: 0.8V to 2.2V 
Except OE/V 
hace “ a Timing Measurement Reference Level: 
OE/Vpp Input Inputs 1V and 2V 
Capacitance Outputs 0.8V and 2V 


Output Capacitance 


A. C. Waveforms 


ee @ 
ADDRESSES ( Te 

eee 
CE 

e@eece0 

‘ce 

OE 

eocoeeneeeoee @ 

tog!3) tor 4] 
tacc!4 toH ——e 


. ry 1 /7//, 
ANNANN 


NOTE: 1. Typical values are for T, = 25°C and nominal supply voltages. 
2. This parameter is only sampled and is not 100% tested. 
3. OE may be delayed up to tacc — tog after the falling edge of CE without impact on tage. 
4. tpg is specified from OE or CE, whichever occurs first. 


HIGH Z 
VALID OUTPUT 
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PROGRAMMING! 
D.C. PROGRAMMING CHARACTERISTICS: T, =25+5°C, Voc =5V + 5%, Vpp=21V + 0.5V 


fee ace 
Symbol Parameter | Min. | Typ. | Max. 

VoL Output Low Voltage During Verify Le | 045 | Vv lop =2.1 mA 

Von Output High Voltage During Verify 24 | a Te lon = — 400 pA 


A.C. PROGRAMMING CHARACTERISTICS: T,=25+5°C, Vog =5V+5%, Vpp = 21V + 0.5V 


Limits 


tos Data Setup Time PF Ts | 


2 
taH Address Hold Time =e [f- --- | ge | 
tise: OE Hold Time Ler. 
2 


Test Conditions 


hon 
ton Data Hold Time mae 
Chip Enable to Output Float Delay r&b. 

toy Data Valid from CE Pow | ft | CE=V,,, OE=Vi, 
tpw CE Pulse Width During Programming | 45 | 50 | 
tpt OE Pulse Rise Time During Programming | 60 | 


NOTE: 1. When programming the 2723A, a 0.1uF capacitor is required across OE/Vpp and ground to suppress spurious voltage transients which may 
damage the device. 


~ 
Oo 
mn 


*A.C. CONDITIONS OF TEST 


Input Rise and Fall Times (10% to90%) ......... 20ns 
Input Pulse LevelS ........... ccc eee 0.8V to 2.2V 
Input Timing Reference Level .............. 1V and 2V 
Output Timing Reference Level ........... 0.8V and 2V 


' 
oni 
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ERASURE CHARACTERISTICS 


The erasure characteristics of the 2732A are such that 
erasure begins to occur when exposed to light with wave- 
lengths shorter than approximately 4000 Angstroms (A). 
It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000-4000A 
range. Data show that constant exposure to room level 
fluorescent lighting could erase the typical 2732A in 
approximately 3 years, while it would take approximately 
1 week to cause erasure when exposed to direct sun- 
light. If the 2732A is to be exposed to these types of light- 
ing conditions for extended periods of time, opaque 
labels are available from Intel which should be placed 
over the 2732A window to prevent unintentional erasure. 


The recommended erasure procedure for the 2732A is 
exposure to shortwave ultraviolet light which has a 
wavelength of 2537 Angstroms (A). The integrated dose 
(i.e., UV intensity X exposure time) for erasure should be 
a minimum of 15 W-sec/cm2. The erasure time with this 
dosage is approximately 15 to 20 minutes using an 
ultraviolet lamp with 12000u4W/cm2 power rating. The 
2732A should be placed within 1 inch of the lamp tubes 
during erasure. Some lamps have a filter on their tubes 
which should be removed before erasure. 


DEVICE OPERATION 


The five modes of operation of the 2732A are listed in 
Table 1. Asingle 5V power supply is required in the read 
mode. All inputs are TTL levels except for OE/Vpp during 


programming. In the program mode the OE/Vpp input is 
pulsed from a TTL level to 21V. 


TABLE 1. Mode Selection 


ape [e 
(20) 

re ee 
Tine [font care | +5 | 
re ee ee 
re ee ce 
re eee ee 


OUTPUTS 
(9-11,13-17) 


Read 
Standby 


Dout 
High Z 


Program 


Program Verify Dout 


High Z 


Me 


Program Inhibit 


Read Mode 


The 2732A has two control functions, both of which must 
be logically satisfied in order to obtain data at the out- 
puts. Chip Enable (CE) is the power control and should 
be used for device selection. Output Enable (OE) is the 
output control and should be used to gate data to the 
Output pins, independent of device selection. Assuming 
that addresses are stable, address access time (tacc) is 
equal to the delay from CE to output (tc¢). Data is 
available at the outputs after the falling edge of OE, 
assuming that CE has been low and addresses have 
been stable for at least tacc — tog. 


Standby Mode 


The 2732A has a standby mode which reduces the active 
power current by 75%, from 150mA to 35mA. The 2732A 
is placed in the standby mode by applying a TTL high 
signal to the CE input. When in standby mode, the out- 
puts are in a high impedance state, independent of the 
OE input. 


Output OR-Tieing 


Because EPROMs are usually used in larger memory 
arrays, Intel has provided a 2 line control function that 
accomodates this use of multiple memory connection. 
The two line control function allows for: 


a) the lowest possible memory power dissipation, and 
b) complete assurance that output bus contention wiil 
not occur. 


To most efficiently use these two control lines, it is 
recommended that CE (pin 18) be decoded and used as 
the primary device selecting function, while OE (pin 20) 
be made a common connection to all devices in the array 
and connected to the READ line from the system control 
bus. This assures that all deselected memory devices 
are in their low power standby mode and that the output 
pins are only active when data is desired from a 
particular memory device. 

PROGRAMMING (See Programming Instruction Section 
for Waveforms.) 

Programming is the same as Intel’s 450ns 2732 except 
for the programming voltage. In the program mode the 
2732A OE/Vpp input is pulsed from a TTL low level to 21V 
(25V for the 2732). Exceeding 21.5V will damage the 
2732A. 


Initially, and after each erasure, all bits of the 2732A are 
in the ‘‘1” state. Data is introduced by selectively pro- 
gramming ‘‘0’s” into the desired bit locations. Although 
only ‘“‘0’s” will be programmed, both ‘‘1’s” and ‘‘0’s” can 
be present in the data word. The only way to change a 
“0” to a “1” is by ultraviolet light erasure. 


The 2732A is in the programming mode when the OE/Vpp 
input is at 21V. It is required that a 0.ipF capacitor be 
placed across OE/Vpp and ground to suppress spurious 
voltage transients which may damage the device. The 
data to be programmed is applied 8 bits in parallel to the 
data output pins. The levels required for the address and 
data inputs are TTL. 


When the address and data are stable, a 50msec, active 
low, TTL program pulse is applied to the CE input. A pro- 
gram pulse must be applied at each address location to 
be programmed. You can program any location at any 
time — either individually, sequentially, or at random. 
The program pulse has a maximum width of 55msec. The 
2732A must not be programmed with a DC signal applied 
to the CE input. 


Programming of mulitple 2732As in parallel with the 

same data can be easily accomplished due to the simpli- 
city of the programming requirements. Like inputs of the 
paralleled 2732As may be connected together when they 
are programmed with the same data. A low level TTL pulse 
applied to the CE input programs the paralleled 2732As. 


2732A 


Program Inhibit 


Programming of mulitple 2732As in parallel with differ- 
ent data is also easily accomplished. Except for CE, all 
like inputs (including OE) of the parallel 2732As may be 
common. A TTL level program pulse applied to a 2732A’s 
CE input with OE/Vpp at 21V will program that 2732A. A 
high level CE input inhibits the other 2732As from being 
programmed. 


Program Verify 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The 
verify is accomplished with OE/Vpp and CE at V,,. Data 
should be verified tpy after the falling edge of cE 
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2764 
(8K x 8) UV ERASABLE PROM 


@ 200 ns (2764-2) Maximum Access # Pin Compatible to 2732A EPROM 
Time ... HMOS*-E Technology 
# Industry Standard Pinout... JEDEC 
= Compatible to High Speed 8mHz Approved 
8086-2 MPU ... Zero WAIT State 
# Low Active Current...100mA Max. 
# Two Line Control 


The Intel® 2764 is a 5V only, 65,536-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 
standard 2764 access time is 250ns with speed selection available at 200ns. The access time is compatible to high 
performance microprocessors, such as Intel’s 8mHz 8086-2. In these systems, the 2764 allows the microprocessor to operate 
without the addition of WAIT.states. 


An important 2764 feature is the separate output control, Output Enable (OE) from the Chip Enable control (CE). The OE 
control eliminates bus contention in multiple bus microprocessor systems. Intel’s Application Note AP-72 describes the 
microprocessor system implementation of the OE. and CE controls on Intel’s EPROMs. AP-72 is available from Intel's 
Literature Department. 


The 2764 has a standby mode which reduces the power dissipation without increasing access time. The active current is 150mA 
while the standby current is only 50mA. The standby mode is achieved by applying a TTL-high signal to the CE input. 


The 2764 is fabricated with HMOS*-E technology, Intel’s high-speed N-channel MOS Silicon Gate Technology. 


2764 


BLOCK DIAGRAM 2732A PIN CONFIGURATION 


oT DATA OUTPUTS PIN CONFIGURATION 
00-07 


OE —~| OUTPUT ENABLE 
see CHIP ENABLE 


AND 
PROG LOGIC 


OUTPUT BUFFERS 


Y-GATING 


65.536-BIT 
CELL MATRIX 


1 
2 
3 
4 
5 
6 
7 
8 
9 


_ 
oO 


[1] For total compatibility and 
upgradability from the 2732A and 
ROMs provide a trace to pin 26. 


io | 

ieee (28) (11-13, 15-19) 

shied tae 
[Standby 


| Veo _| 
Standby eee 


| AvA,, | ADDRESSES _| 
CE | CHIPENABLE _| 
[OE | OUTPUT ENABLE 
| O,-0, | OUTPUTS 
x can be either V, or Vix | PGM_| PROGRAM 
PN.C._ [NO CONNECT _| 


*HMOS is a patented process of Intel Corporation. 
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PROGRAMMING 


The programming specifications are described in the Data Catalog PROM/ROM Programming 


Instructions Section. 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ................. —10°C to +80°C 
Storage Temperature .................5- —65°C to +125°C 
All Input or Output Voltages with 

Fespect tO GPOUNG «nos ccsinsenecce veaes +6V to —0.6V 
Vpp Supply Voltage with Respect to Ground 

During Programming” =... c.cscce aed eiees +22V to —0.6V 


“COMMENT 


Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 


D.C. and A.C. Operating Conditions During Read 


Operating Temperature Range 


Veco Power Supply"? 


Vpp Voltage? Vpp = 


READ OPERATION 
D.C. AND OPERATING CHARACTERISTICS 


Input Load Current 
Output Leakage Current 
Vpp Current Read 
Vec Current Standby 
| sen" Vec Current Active 


2764 
0°C-70°C 


5V+ 5% 5V + 5% SV + 5% 5V +5% 


2764-2 2764-3 2764-4 


NOTES: 1. V., must be applied simultaneously or before V,, and removed simultaneously or after Vp, 
2. Vpp may be connected directly to V., except during programming. The supply current would then be the sum of I,, and Ipp,. 


3. Typical values are for T, = 25°C and nominal supply voltages. 
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A.C. CHARACTERISTICS 


2764-2 Limits | 2764 Limits | 2764-3 Limits | 2764-4 Limits Test 
Parameter Min | Max | Min | Max | Min | Max | Min | Max Unit Conditions 


Aa eA 


SE t2 Ou Deley__ Enable to Output 20 ——— Es 10 150 CE=Vi, 
Delay | 

Output Enable High to 130 CE=Vi, 
Output Float 


Output Hold from Addresses, 0 CE=OE=Vj, 
CE or OE Whichever Occurred 
First 


CAPACITANCE '1] T, = 25°C, f= 1MHz A.C. TEST CONDITIONS 


[Symboi| Parameter | Typ.| Max.| Unit | Condvons 
[Gu [input Capacitance | 4 | 6 | oF | Wo 
[Goxr [Output Capacitance [8 | 12 | pF | Wwr=Ov 


Output Load: 1 TTL gate and CL = 100pF 
Input Rise and Fall Times: < 20ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 
Inputs 1V and 2V 
Outputs 0.8V and 2V 


A.C. WAVEFORMS 


ADDRESSES & 


ADDRESSES VALID 


[4] 


TOH 


YLT 


OUTPUT 


NOTES: 1. Typical values are for T, = 25°C and nominal supply voltages. 
2. This parameter is only sampled and is not 100% tested. 
3. OE may be delayed up to tacc — tce after the falling edge of CE without impact on tic. 
4. tor is specified from OE or CE, whichever occurs first. 
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ERASURE CHARACTERISTICS 


The erasure characteristics of the 2764 are such that erasure 
begins to occur when exposed to light with wavelengths 
shorter than approximately 4000 Angstroms (A). It should be 
noted that sunlight and certain types of fluorescent lamps 
have wavelengths in the 3000-4000 A range. Data show that 
constant exposure to room level fluorescent lighting could 
erase the typical 2764 in approximately 3 years, while it would 
take approximately 1 week to cause erasure when exposed to 
direct sunlight. If the 2764 is to be exposed to these types of 
lighting conditions for extended periods of time, opaque 
labels are available from Intel which should be placed over 
the 2764 window to prevent unintentional erasure. 


The recommended erasure procedure for the 2764 is expo- 
sure to shortwave ultraviolet light which has a wavelength of 
2537 Angstroms (A). The integrated dose (i.e., UV intensity X 
exposure time) for erasure should be a minimum of 15 
W-sec/cm?. The erasure time with this dosage is approxi- 
mately 15 to 20 minutes using an ultraviolet lamp with 12000 
W/cm? power rating. The 2764 should be placed within 1 
inch of the lamp tubes during erasure. Some lamps have a 
filter on their tubes which should be removed before erasure. 


DEVICE OPERATION 


The five modes of operation of the 2764 are listed in Table 1.A 
single 5V power supply is required in the read mode. All 
inputs are TTL levels except for Vpp. 


TABLE 1. MODE SELECTION 


x can be either V,, or V,, 


READ MODE 


The 2764 has two control functions, both of which must be 
logically satisfied in order to obtain data at the outputs. Chip 
Enable (CE) is the power control and should be used for 
device selection. Output Enable (OE) is the output control 
and should be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that addresses are stable, 
address access time (tacc) is equal to the delay from CE to 
output (tc-). Data is available at the outputs after the falling 
edge of OE, assuming that CE has been low and addresses 
have been stable for at least tacc—toe. 


2-20 


Standby Mode 


The 2764 has a standby mode which reduces the active 
power current from 150mA to 50mA. The 2764 is placed in 
the standby mode by applying a TTL high signal to the CE 
input. When in standby mode, the outputs are in a high 
impedance state, independent of the OE input. 


Output OR-Tieing 


Because EPROMs are usually used in larger memory arrays, 
Intel has provided a 2 line control function that accommo- 
dates this use of multiple memory connection. The two line 
control function allows for: 


a) the lowest possible memory power dissipation, and 
b) complete assurance that output bus contention will not 
occur. 


To most efficiently use these two control lines, it is recom- 
mended that CE (pin 20) be decoded and used as the primary 
device selecting function, while OE (pin 22) be made a com- 
mon connection to all devices in the array and connected to 
the READ line from the system control bus. This assures that 
all deselected memory devices are in their low power standby 
mode and that the output pins are only active when data is 
desired from a particular memory device. 


PROGRAMMING (See Programming Instruction Section 
for Waveforms.) —_ 
Programming is the same as Intel’s 2732A except that OE/Vp,p 
is not multiplexed. They have separate pins. Like the 2732A, 
exceeding 21.5V will damage the 2764. 


Initially, and after each erasure, all bits of the 2764 are in the 
“1” state. Data is introduced by selectively programming 
“Os” into the desired bit locations. Although only ‘‘Os” will be 
programmed, both ‘‘1s” and ‘‘Os”’ can be present in the data 
word. The only way to change a ‘‘0”’ to a‘'1” is by ultraviolet 
light erasure. 


The 2764 is in the programming mode when Vpp input is at 21V 
and CE and PGM are both at TTL low. The data to be pro- 
grammed is applied 8 bits in parallel to the data output pins. 
The levels required for the address and data inputs are TTL. 


For programming, CE should be kept TTL low at all times 
while Vpp is kept at 21V. When the address and data are stable, 
a 50 msec, active low, TTL program pulse is applied to PGM 
input. A program pulse must be applied at each address 
location to be programmed. You can program any location at 
any time—either individually, sequentially, or at random. The 
program pulse has a maximum width of 55 msec. 


Programming of multiple 2764s in parallel with the same data 
can be easily accomplished due to the simplicity of the pro- 
gramming requirements. Like inputs of the paralleled 2764s 
may be connected together when they are programmed with 
the same data. A low level TTL pulse applied to the PGM input 
programs the paralleled 2764s. 
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Program Inhibit Program Verify 
Programming of multiple 2764s in parallel with different data A verify should be performed on the programmed bits to 
is also easily accomplished. A high level CE or PGM input determine that they were correctly programmed. The verify is 


inhibits the other 2764s from being programmed. Except for accomplished with CE and OE at V,,. However, PGM is at Vj. 
CE (or PGM), all like inputs (including OE) of the parallel 

2764s may be common. A TTL low level pulse applied to a 

2764 CE and PGM input with Vpp at 21V will program that 

2764. 
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2808/2809 
8K (1K x 8) ELECTRICALLY ERASABLE PROM 


=» HMOS-E *FLOTOX Cell Design = Conforms to JEDEC Byte-Wide Family 
Standard 
liable Floating Gate Technolo 
ais ancien aa = Microprocessor Compatible 
= Very Fast Access Time Architecture 


—<Gae CeAPRea enue = Low Power Dissipation 
# Single Byte Erase/Write Capability —525 mW Max. Active Power 
—184 mW Max. Standby Power 


= Erase/Write Specifications 
= Chip Erase Time of 10 ms Guaranteed 0-70°C 


« 10 ms Byte Erase/Write Time 


The Intel® 2808 is a 8,192 bit electrically erasable programmable read-only memory (E7PROM). The 2808 can be 
easily erased and reprogrammed on a byte basis. A chip erase function is also provided. The device operates from a 5-volt 
power supply in the read mode; writing and erasing are accomplished by providing a single 21-volt pulse. 


The 2808, with its very fast read access speed, is compatible with high performance microprocessors such as the 8086. 
Using the fast access speed allows zero wait operation in large system configurations. 


The electrical erase/write capability of the 2808 makes it ideal for a wide variety of applications requiring in-system, 
non-volatile erase and write. Never before has in-system alterability been possible with this combination of density, 
performance and flexibility. Any byte can be erased or written in 10 ms without affecting the data in any other byte. 
Alternatively, the entire memory can be erased in 10 ms allowing the total time to rewrite all 1K bytes to be cut by 50%. The 
2808 provides a significant increase in flexibility allowing new applications (dynamic reconfiguration, continuous calibra- 
tion) never before possible. 


The 2808 E*PROM possesses Intel’s 2-line control architecture to eliminate bus contention in a system environment. A 
power down mode is also featured; in the standby mode power consumption is reduced by over 75% without increasing 
access time. The standby mode is achieved by applying a TTL-high signal to the CE input. 


Byte erase and write are controlled entirely by TTL signal levels, yet require no control signals beyond CE and OE. For byte 
write a selected chip (CE = TTL low) senses the 21V Vpp pulse and automatically goes into write mode. Byte erase mode is 
identical to byte write except that data-in must be all logic ones (TTL-high). Never before has an in-system alteration of 
non-volatile information been implemented with such simple control. 


*HMOS-E is a patented process of Intel Corporation. 


DATA INPUTS/OUTPUTS 
Vcc O— 1p/O5-1,/0, 


PIN NAMES 


Te soones seauenr 
ADDRESSES 


OUTPUT ENABLE 


CHIPENABLE | | _‘'NPUT/ 


AND E/W LOGIC OUTPUT 


sures 2808 ee | ewmenae 
T ceckoen PE] veanna | As= Vii [ee | cvtrurenanie | 
os [eer | eara oureurs 
———— 
ea 2809 fer oxaneure 
DECODER CELL MATRIX As — Vin [vee | PROGRAM VOLTAGE | 
Figure 1. 2808/2809 Functional Figure 2. Pin Configuration 


Block Diagram 
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2816 


16K (2K x 8) ELECTRICALLY ERASABLE PROM 


@ HMOS*-E FLOTOX Cell Design 
# Reliable Floating Gate Technology 
@ Very Fast Access Time 
— 250 ns Max. — 2816 
— 350 ns Max. — 2816-3 
# Single Byte Erase/Write Capability 


# 10 ms Byte Erase/Write Time 


= Conforms to JEDEC Byte-Wide Family 
Standard 


= Microprocessor Compatibie 
Architecture 


= Low Power Dissipation 
—495 mW Max. Active Power 
—132 mW Max. Standby Power 


@ Erase/Write Specifications 


Guaranteed 0-70°C 
@ Chip Erase Time of 10 ms 


The Intel® 2816 is a 16,384 bit electrically erasable programmable read-only memory (E7PROM). The 2816 can 
be easily erased and reprogrammed on a byte basis. A chip erase function is also provided. The device 
operates from a 5-volt power supply in the read mode; writing and erasing are accomplished by providing a 
single 21-volt pulse. 


The 2816, with its very fast read access speed, is compatible with high performance microprocessors such as 
the 8086-2. Using the fast access speed allows zero wait operation in large system configurations. 


The electrical erase/write capability of the 2816 makes it ideal for a wide variety of applications requiring in- 
system, non-volatile erase and write. Never before has in-system alterability been possible with this combi- 
nation of density, performance and flexibility. Any byte can be erased or written in 10 ms without affecting the 
data in any other byte. Alternatively, the entire memory can be erased in 10 ms allowing the total time to rewrite 
all 2K bytes to be cut by 50%. The 2816 provides a significant increase in flexibility allowing new applications 
(dynamic reconfiguration, continuous calibration) never before possible. 


The 2816 E7PROM possesses Intel’s 2-line control architecture to eliminate bus contention in a system 
environment. A power down mode is also featured; in the standby mode power consumption is reduced by 
over 73% without increasing access time. The standby mode is achieved by applying a TTL-high signal to the 
CE input. 


Byte erase and write are controlled entirely by TTL signal levels, yet require no control signals beyond CE and 
OE. For byte write a selected chip (CE = TTL low) senses the 21V Vpp pulse and automatically goes into write 
mode. Byte erase mode is identical to byte write except that data-in must be all logic ones (TTL-high). Never 
before has an in-system alteration of non-volatile information been implemented with such simple control. 


“HMOS-E is a patented process of Intel Corporation. 


DATA INPUTS/IOUTPUTS 


Vcc O—> ! P 
cc o/Qo-1,/0, PIN NAMES 


OUTPUT ENABLE 
CHIPENABLE | | 
AND E/W LOGIC 


Y 
DECODER 


ae 
oe. 
=a 
x 
DECODER 


Figure 1. 2816 Functional Block Diagram 


INPUT/ 
OUTPUT 
BUFFERS 


OUTPUT ENABLE 


DATA OUTPUTS 


DATA INPUTS 


PROGRAM VOLTAGE 


oo ni on 8&2 WY HY — 


Ao-A10 
ADDRESS 
INPUTS 


Figure 2. Pin Diagrams 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ......... —10°C to +80°C 
Storage Temperature ........... —65°C to +125°C 
All Input or Output Voltages with 

Respect to Ground .............. +6V to —0.3V 


VppSupply Voltage with Respect 
to Ground During Program ....+22.5V to —0.3V 


*NOTICE: Stresses above those listed under ‘‘Absolute Maximum 
Ratings’’ may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these 
or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 


D.C. AND A.C. OPERATING CONDITIONS DURING READ AND WRITE 


D.C. CHARACTERISTICS 


Read Operation 


Parameter 


Input Leakage Current 


Output Leakage Current 
Vcc Current (Active) 
Vec Current (Standby) 
Vpp Current (Read) 
Input Low Voltage 
input High Voltage 
Output Low Voltage 


Output High Voltage 


Read Voltage 


a 


Cones | vor Curent wrtetasey | 
Vor | 98 voage Cn ease) | @_ 
[Yor Curent inn | 


For footnotes see page 12. 


Temperature Range 0°C-70°C 0°C-70°C 
Voc Power Supply!) 5V + 5% 5V + 5% 


Limits 
te | tan 
21 22 


a 2 


tm Conditions 


ual Conditions 


oo eee Eee 
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A.C. CHARACTERISTICS 


Write Mode 


<r 
ee 


Add to | Add to Vpp Set-Up Time Set-Up Time 


ee et 
tos | atatoversetuptine |e ||| ™ | 
ton | onthoistime fs | | dt | 
we? [wets ruse wan fe | | | m= | 
Te | wate Resovertine | s0 | | i) | ve 
Tres | erp Gearseruptime [0 | || | v= 
ton | Chip Geartiowstine | 0 | | | ms | ev 
Tone | Vee RC Time Consan’ | «50 | 0 | 7 | mw | 
tree | erate | | | | = | ~w 


Read Mode 


2816 Lions 2816-3 Limits | 
Parameter 
ae Typ.! ape Mee ten pf Me Conditions 


| tce _| CE to Output Delay pet 
| toe _| Output Enable to Output Delay | 10 | / 100 | | | 20 | ons | CE=VL | CE=Vin 


Output Enable High to Output 100 CE=Vi, 
Float 
BE Ok chor ovo P| tet pt ith 


CE or OE Whichever Occurred 

First 
CAPACITANCE!" 1,=25°C, f=1 MHz A.C. TEST CONDITIONS 
[Symbol] Parameter | Typ-| Max. [Unit] Conditions 


For footnotes see page 12. 


Output Load: 1 TTL gate and C, =100 pF 
Input Pulse Levels: .8V to 2.2V 
Timing Measurement Reference Level: 
Input 1V and 2V 
Output .8V and 2V 
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WAVEFORMS! 
READ MODE 


ADDRESSES 


LID 
OUTPUT 


BYTE ERASE!®! on write 


ADDRESSES 


DATA IN 


For footnotes see page 12. 
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CHIP ERASE!”! 


DEVICE OPERATION 


The 2816 has six modes of operation, listed in 
Table 1. All operational modes are designed to pro- 
vide maximum microprocessor compatibility and 
system consistency. The device pinout is a part of 
Intel's JEDEC approved byte wide Non-Volatile 
Memory family, allowing appropriate and cost- 
effective density and functionality upgrades. 


All control inputs are TTL compatible with the ex- 
ception of chip erase. The Vpp voltage must be 


pulsed to 21 volts during write and erase, and held to 
4 to 6 volts during the other two modes. 


Table 1. Mode Selection Vcc=+5V 


INPUTS/ 
oor ae 


|READ va | +4 to +4 to +6 | Dour 


KaKS T 


ove ease pep |e ae 


+9t a 
E/W INHIBIT sole] & DONT | gH 2 


For footnotes see page 12. 
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Read Mode 


Optimal system efficiency depends to a great extent 
on a tightly Soupled microprocessor/memory inter- 
face. The E7PROM device should respond rapidly 
with data to allow the highest possible CPU perfor- 
mance. The 2816 satisfies this high performance re- 
quirement because of access times typically less 
than 250 ns. Program execution directly out of elec- 
trically erasable memory has never before been pos- 
sible; the 2816 opens this new, powerful applica- 
tions segment. 


The 2816 uses Intel’s proven 2-line control architec- 
ture for read operation. Figure 3 shows the timing 
disadvantages of a single-line control architecture. 
2-line control, shown in Figure 4, has been devel- 
oped by Intel to solve this bus contention and the as- 
sociated system reliability problems. Both CE and 
OE must be at logic low levels to obtain information 
from the device. Chip enable (CE) is the power con- 
trol pin and should be used for device selection. The 
output enable (OE) pin serves to gate internal data to 
the output pins. Assuming that the address inputs 
are stable, address access time (tacc) is equal to the 
delay from CE to output (tc_e). Data is available at the 
outputs after a time delay of tog, assuming that CE 
has been low and addresses have been stable for at 
least tacc-toe. 


Figure 5 shows a typical system interconnection. 
Here the 2816 contains program information thatthe 
8086 requires for system function. 
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+ tacc ————_> 


ADDRESSES ( — appress1 1 ADDRESS 2 


= ian a 


OUTPUTS 1 
| ourrurs 


OUTPUTS 1 ele Y 
DATA BUS ACTIVE AN OATR 1 TALS Kx 


oO} 
faall 


CE2 
OUTPUTS 1 x x OUTPUTS 2\Y 
DATA BUS ACTIVE DATA 1 VALID ACTIVE AK DATA 2 VALID 
BUS 
CONTENTION 


|. OUTPUT __|| 
OVERLAP 


Figure 3.Single-Line Control and Bus Contention 


A 


ADDRESSES ADDRESS 1 a. ADDRESS 2 


!DECODE 
CEt 
OE (RD) 
DATA BUS Xx DATA 1 VALID 


ACTIVE 


CE2 \ 
OE(RD) \ 


-—_—_—- 
NO OVERLAP 


Figure 4. Two-Line Control Architecture 
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(8205) 


8287 
BUFFER 


8287 


DECODER 


BUFFER 


Figure 5. iAPX 86/2816 Read Architecture 


Write Mode 


The 2816 is erased and reprogrammed electrically 
rather than optically, as opposed to EPROMs which 
require UV light. The device offers dramatic flexibil- 
ity because both byte (single location) and chip 
erase are possible. 


A close examination of the broad application spec- 
trum for the E device reveals an inherent need for 
single location erase capability. Program store ap- 
plications can be classified in several ways. Figure 6 
lists various storage modes and the required erase 
function. In greater than 80% of all cases, a byte 
erase feature is necessary. See AP-106 for details. 


APPLICATION TYPE 


IDEAL 
ERASE MODE 


e Strict Program Store CHIP 
e Relocatable Program Structures BYTE 
e Program Store Extension BYTE 
e Program Execution Constants BYTE 
e Program Dependent Data Store BYTE 
e Data Store Applications BYTE 


Figure 6. Microprocessor Storage Types 
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To write a particular location, that byte must be 
erased prior to a data write. Erasing is accomplished 
by applying logic 1 (TTL-high) inputs to the data 
input pins, lowering CE, and applying a 21-volt pro- 
gramming signal to Vpp. The OE pin must be held at 
Vin during byte erase and write operations. The pro- 
gramming pulse width must be a minimum of 9 ms, 
and a maximum of 15. The rising edge of Vpp must 
conrorm to the RC time constant specified above. 
Once the location has been erased, the same opera- 
tion is repeated for a data write. The input pinsin this 
case reflect the byte that is to be stored. 


A characteristic of all E7PROMs is that the total 
number of erase/write cycles is not unlimited. The 
2816 has been designed to meet applications requir- 
ing up to 1 x 10* erase/write cycles per byte. The 
erase/write cycling characteristic is completely byte 
independent. Adjacent bytes are not affected during 
erase/write cycling. 


Because the device is designed to be written in sys- 
tem, all data sheet specifications (including write 
and erase operations) hold over the full operating 
temperature range (0-70°C). 


AFN-01635A 


2816 


CONTROLLERS 


Controller | Description 


The Controller | interface provides the lowest cost, 
smallest P.C. board space implementation, though it 
is unable to offer the maximum CPU throughput 
capability since wait states are inserted into the 
memory cycle during the 10 ms write time. Figure 7 
shows the block diagram for this implementation. A 
timer device is provided to time 10 ms, which con- 
nects directly to the CPU READY line. When ac- 
tivated, the timer engages the Vpp switch, locks the 
CPU address, data, and control bus, and writes the 
2816. After completion of the write cycle, the CPU is 
relinquished to do other tasks. Such a control appli- 
cation is appropriate when the processor can be 
dedicated to the write, such as in program store. 


Controller Il Description 


To provide a higher CPU throughput capability, the 
interface shown in Figure 8 was designed. In this 
case, all latching and timing signals are generated 
by discrete devices. The CPU simply sends a write 
operation to the interface as it would to a RAM de- 
vice. After the CPU has engaged the write sequence, 
it is free to perform other tasks not related to 2816 
control. At the completion of the write cycle, the 
interface interrupts the CPU which then vectors to 
an interrupt service routine. Controller Il offers real- 
time CPU performance with a high degree of hard- 
ware overhead. 


Controller Ill Description 


The Controller Ill implementation was designed to 
provide the real-time processing capability of Con- 
troller Il, without the large hardware overhead. See 
Figure 9. In this design an Intel 8155 I/O port timer 
device is used to advantage. The ports provide the 
latching of data and address during the write cycle, 
while the timer performs accurate pulsing of the Vpp 
for the required duration. Much of the hardware has 
been reduced through the 8155. The interrupt 
structure of Controller Il is used as well. Read ac- 
cess is very fast despite a multiplexer and a buffer 
delay. 


Controller IV Description 


Data store applications were in mind for the Con- 
troller |V design shown in Figure 10. In this case, 
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OE, CRTLEN 


ACCESS 
= 250 nsec 


ADDRESS 


READ 


CRTLEN, OE, Vor OE, CRTLEN 


_ on 


Figure 8. Controller Il 


CTRLEN, OE, Vr OE, CTRLEN 
—_ DATA DATA 
Vor OE 
SWITCH SWITCH aLDS S008 


INTERR | 
: a 


ADDRESS 


DATA 


CONTROL 


Figure 9. Controller Ill 


AFN-01635A 


2816 PRELIMINARY 


The write pulse width, Twp, was designed to provide 
optimum reliability characteristics. 


. 2N2222 


Figure 10. Controller IV 


read access was not a concern, though write erase 
access and hardware overhead were exceptionally Figure 11. OE Chip Erase Control 
important. This controller takes the 2816 completely 
off-line for both read and write operations. The write 
cycle is accomplished in the same way as in Con- 
troller Ill. Reading, however, is accomplished 
through several !/O operations. 


Chip Erase Mode 


Should one wish to erase the entire 2816 array at 
once, the device offers a chip erase function. When 
the chip erase function is performed all 2K bytes are 
returned to a logic 1 (FF) state. 


The 2816's chip erase function is engaged when the 
output enable (OE) pinis raised above 9 volts. When 
OE is greater than 9 volts and CE and Vpp are in the 
normal write mode, the entire array is erased. This 
chip erase function takes approximately 10 ms. The Figure 12a. Operational Amplifier Vpp Switch 
data input pins must be held to a TTL high level Design 

during this time. Figure 11 is a recommended OE 
control switch. 


Vpp Pulse 


The shape of the Vpp pulse is important in ensuring 
long term reliability and operating characteristics. 
Vpp must rise to 21V through an RC waveform 
(exponential). The Tprc specification has been de- 
signed to accommodate changes of RC due to tem- 2N2222 
perature variations. 


GED38L3 
Vpp DRIVE \ 


0.005.F 


Figure 12a shows a recommended Vpp switch de- 
sign, useful where programming will occur over the 
specified temperature and operating voltage condi- 
tions. Figure 12b is asimpler implementation which 
is suitable for room temperature operation. Figure 12b. Darlington implementation 
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Applications 
The 2816 E*PROM is a new and powerful addition to 
the non-volatile family. It offers a high degree of 


RAM-like flexibility while retaining the non-volatile 
characteristics of ROM. 


Because of these device parameters, the device is 
ideal for new and future designs as well as a re- 
placement for existing ROM devices. Some of these 
potential uses are listed below: 


1. Calibration constants storage (continuous 
calibration). 


2. Software alterable control stores (dynamic 
reconfiguration). 


3. Remote communications programming. 
4. PC and NC Industrial Applications. 


5. CRT terminal configuration and custom graphic 
and font sets. 

6. Military replacements for core memory and CHARACTER GRAPHICS 
fuse-link PROMs. GENERATOR STORAGE 

7. Point of sale terminals. 

8. Remote alterable look-up tables. 

9. Printer and communications controllers. 


10. Remote data gathering. 


Because of these device attributes, applications 
never before possible can now be realized in high 
performance, consistent microprocessing systems. 


Figures 13, 14, 15, and 16 are block diagrams of 
some typical applications. These applications are 
explained as follows: 


Figure 15. CRT Terminal 


10-DIGIT UNIT PRODUCT 


2816 SOFTWARE OUTPUT: UNIVERSAL PRICE DESCRIPTION 
FIRMWARE PRODUCT (2 bytes) (15 bytes) 


MAPPER CODE 


(5 bytes) 
pS 


FIRMWARE 
PATCH 


CONTROL 


SERIAL /0 
COMMUNICATION 
INTERFACE 


2816 
PROGRAM STORE 
TO INVENTORY 
RECORD 


Figure 13. Dynamic Reconfiguration Figure 16. POS Terminal 
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DYNAMIC RECONFIGURATION 

The ability of a computer system to alter its operat- 
ing software while running is now possible with the 
2816. The system can monitor external factors, as 
well as change loop constants, subroutines and 
other software features in real-time. Figure 13 illus- 
trates this optimal performance. In memory systems, 
the 2816 can be used to map around hard memory 
failures in real-time, allowing self-healing memory 
systems. Such a self-correcting mechanism extends 
the operating time and reduces service costs to the 
end user. 


CONTINUOUS SELF-CALIBRATION 

A high cost of machine service and downtime is due 
to instrument calibration and readjustments. Use of 
the 2816 and microprocessor based instruments to 
contain calibration constants allows features never 
before possible. See Figure 14. The instrument can 
now continuously calibrate itself, without expensive 
downtime in service interaction. The 2816 allows 
this flexibility and reduction of service costs. 


CRT TERMINAL 

Custom fonts, graphics characters, and individual 
configurations can all benefit from the features of 
the 2816. A CRT terminal, shown in Figure 15, can 
now be enhanced by using the E* asa replacement 
for jumpers and dip switches. It can also be used as a 
programmable character generator, and in graphics 
configuration. 


POINT OF SALE TERMINAL 

Using the 2816 to contain non-volatile price and 
product descriptions, as shown in Figure 16, is an 
ideal application in point of sale terminals. With the 
ability of the 2816 to be altered in-system comes the 
capability to remotely (over telephone lines) config- 
ure the look up table from a central data base com- 
puter. The non-volatility of the 2816 is used to advan- 
tage as the data store remains intact after power is 
removed from the system. 


Pin Compatibility 


The 2816 pinout has been designed for compatibil- 
ity with present and future memory products. The 
E“PROM is a member of Intel’s JEDEC standard 
Byte-Wide memory family which allows density up- 
grades, functional interchange, and extended prod- 
uct life. Figure 17 shows this JEDEC 28 pin site 
pinout approach. 
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OE/Vpp OF 


Aio 


CE 


Figure 17. JEDEC 28 Pin Site Byte-Wide 
Philosophy 


Available Literature 


To give the system designer an opportunity to more 
thoroughly understand the device attributes and 
uses, a library of E* information is available. The 
following list is a brief synopsis: 


AP 101—The 2816 Electrical Description 


AP 102—2816 Microprocessor Interface 
Considerations 


AP 104—Extending E? Endurance — Software 
Techniques 


AP 105—Microprocessor Interface—Competi- 
tive System Comparisons 


AP 106—2816 Byte Erase — Architecture 
Implications 


AP107—Hardware and Software Download 
Techniques with 2816 


E*Users Manual 
E* Applications Handbook 
E*Demo Unit Users Guide 


To obtain this literature contact your local Field 
Sales office. In addition, your Field Applications En- 
gineer can discuss with you the controller interfaces 
for different MPU system configurations. 
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Standby Mode 


The 2816 has a standby mode which reduces active 
power dissipation by 67% from 495 mW to 165 mW. 
The 2816 is placed in the standby mode by applying 
a TTL high signal to the CE input. When in the 
standby mode, the outputs are in a high impedance 
state, independent of the OE input. 


Output OR-TIEING 


Because 2816s are usually used in larger memory 
arrays, Intel has provided a 2-line control function 
that accommodates this use of multiple memory 
connections. The 2-line control function allows low 
power dissipation (by deselecting unused devices), 
and the removal of bus contention from the system 
environment. 


To most effectively use these two control lines, it is 
recommended that CE (pin 18) be decoded from 
addresses as the primary device selection function. 
OE (pin 20) should be made a common connection 
to all devices in system, and connected to the RD 
line from the system control bus. This assures that 
all deselected memory devices are in their low 


power standby mode and that the output pins are 
only active when data is desired from a particular 
memory device. 


NOTES 
1. This parameter is only sampled and not 100% tested. 


2. All times shown in parentheses are minimum times and are 
nsec unless otherwise specified. 


OE may be delayed up to 230 ns after falling edge of CE with- 
out impact on tacc for 2816-3. 


4. tpg is specified from OE or CE whichever occurs first. 


3. 


. The rising edge of Vpp must follow an exponential waveform. 
That waveform’s time constant is specified as tprc. See In- 
tel’s AP-102 for details. 

. Prior to a data write, an erase operation must be performed. 
For erase, data in =. Vip. 

. In the chip erase mode Diy = Vip. 

. To allow immediate read verify capability, Vpp can be driven 
low in less than 50 ns. See AP-101 for more information. 

. Adherence to TWP specification is important to device 
reliability. 

. To prevent spurious device erasure or write, Vcc must be 
applied simultaneously or before 21 volt application of Vpp. 
Vpp cannot be driven to 21 volts without previously applying 
Vcc. 

11. The data in set up and hold times for chip erase are identical 

to those specified for byte erase. 
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3205 HIGH SPEED 1 OUT OF 8 BINARY DECODER 
3404 HIGH SPEED 6-BIT LATCH 


m@ 18ns Max. Delay Over 0°C to 75°C @ Low Input Load Current: .25mA Max., 
Temperature: 3205 1/6 Standard TTL input Load 

a i2ns Max. Data to Output Delay = Minimum Line Reflection: Low 
Over 0°C to 75°C Voltage Diode Input Clamp 


Temperature: 3404 


@ Outputs Sink 10mA Min. 
@ Directly Compatible With DTL and me ae 


TTL Logic Circuits @ 16-Pin Dual In-Line Package 
mg Totem-Pole Output = Simple Expansion: Enable Inputs 
3205 


The 3205 decoder can be used for expansion of systems which utilize memory components with active low 
chip select input. When the 3205 is enabled, one of its eight outputs goes ‘‘low’’, thus a single row of a memory 
system is selected. The 3 chip enable inputs on the 3205 allow easy memory expansion. For very large memory 
systems, 3205 decoders can be cascaded such that each decoder can drive 8 other decoders for arbitrary memo- 
ry expansions. 

3404 

The Intel 3404 contains six high speed latches organized as independent 4-bit and 2-bit latches. They are 
designed for use as memory data registers, address registers, or other storage elements, The latches act as high 
speed inverters when the ‘‘Write”’ input is ‘‘low”’. 

The Intel 3404 is packaged in a standard 16-pin dual-in-line package; and its performance is specified over the 
temperature range of O°C to +75°C, ambient. The use of Schottky barrier diode clamped transistors to obtain 
fast switching speeds results in higher performance than equivalent devices made with a gold diffusion process. 


PIN CONFIGURATION 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias: | Ceramic —65°C to +125°C *COMMENT 

Plastic —65°C to +75°C Stresses above those listed under “Absolute Maximum Rat- 
ing’’ may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at 
All Output or Supply Voltages —0.5 to +7 Volts any other condition above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 


Storage Temperature —65°C to +160°C 


nh Stipe walkages <1 ta 5.8 Pole maximum rating conditions for extended periods may affect 
Output Currents 125 mA device reliability. 

D.C. CHARACTERISTICS 7, = 0°C to +75°C, Vog = 5.0V +5% 

3205, 3404 


SYMBOL PARAMETER rs UNIT TEST CONDITIONS | 


—— OUTPUT “LOW” VOLTAGE L ew Ye ~ = ATE, To, =10mA 


ee ore _ HIGH SHORT —120 Voc = 5.0V, Vous = 
CIRCUIT CURRENT 
OUTPUT “LOW” VOLTAGE = 5.0V, Ioyx = 40mA 
@ HIGH CURRENT 


3205 ONLY 
3404 ONLY 


— fa POWER SUPPLY CURRENT a - Beith Aen aD 5.25V, | Vcc = 5.25V, Outputs Open | Open 
WRITE ENABLE LOAD CURRENT =5.25V, Vy =0.45V 
PIN 7 
WRITE ENABLE LOAD CURRENT 0 =5.25V, Vy =0.45V 
PIN 15 " 


| law | WRITE ENABLE LEAKAGE CURRENT a eo 


TYPICAL CHARACTERISTICS 


OUTPUT CURRENT VS. OUTPUT CURRENT VS. 
OUTPUT “LOW” VOLTAGE OUTPUT “‘HIGH’’ VOLTAGE DATA TRANSFER FUNCTION 
100 0 i 
Ta = 75°C Vee = 5.0V || lA] 
7 ” | Yh a-are 
4 iy; Ss 
E w 
60 5 -20 q 
a 5 
Fa 3 
=) > 
40 ~ -a0 5 
» a 
E 3 
20 © _40 
) —50 
0) 1.0 2.0 3.0 4.0 5.0 0 2 4 #6 8 1.0 1.2 14 16 1.8 2.0 
OUTPUT “‘LOW” VOLTAGE (Vv) OUTPUT “‘HIGH” VOLTAGE (V) INPUT VOLTAGE (V) 
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3205, 3404 


3205 HIGH SPEED 1 OUT OF 8 BINARY DECODER 
SWITCHING CHARACTERISTICS 


Voc 


CONDITIONS OF TEST: TEST LOAD: 


Input pulse amplitudes: 2.5V 


Input rise and fall times: 5 nsec 
between 1V and 2V 


Measurements are made at 1.5V 


All Transistors 2N2369 or Equivalent. C, = 30 pF 


TEST WAVEFORMS 


ADDRESS OR ENABLE 
INPUT PULSE 


FR sev ea2ageg esegge2esee2ea0: ane2Q 


% 


OUTPUT 


see eee ee eee Cee eseseeeseaneeesee 


A.C. CHARACTERISTICS  T, =0°C to +75°C, V., = 5.0V +5% unless otherwise specified. 
UNIT TEST CONDITIONS 


ADDRESS OR ENABLE TO 


f= 1 MHz, Vcc = OV 
TYPICAL CHARACTERISTICS 


ADDRESS OR ENABLE TO OUTPUT ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. LOAD CAPACITANCE DELAY VS. AMBIENT TEMPERATURE 


20 


1, .This parameter is periodically sampled and is not 100% tested. 


_ 
uo 


= 
o 


ADDRESS OR ENABLE TO 
OUTPUT DELAY (ns) 
ADDRESS OR ENABLE TO 
OUTPUT DELAY (ns) 


0 50 100 150 200 
LOAD CAPACITANCE (pF) AMBIENT TEMPERATURE (°C) 
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3205, 3404 


3404 6-BIT LATCH 


SWITCHING CHARACTERISTICS 


CONDITIONS OF TEST: TEST LOAD: 
Input pulse amplitudes: 2.5V 


390 22 


Input rise and fall times: 5 nsec 


between 1V and 2V oT 
Cy T 2K 


Measurements are made at 1.5V 


= All Transistors 2N2369 or Equivalent. C, = 30pF . = 


TEST WAVEFORMS 
MEASUREMENT FOR DATA DELAY MEASUREMENT FOR WRITE ENABLE DELAY 


@Qees @ae2eee 


DATA DATA 
WRITE WRITE 
ENABLE ENABLE 
Paesawseses es FF eee SSF e2e88 Fs augers s2e2e28 a8 eua e288 
OUT NOTE 1 OUT NOTE 2 
asa neaseaaa sesame 
NOTE 1: Output Data is valid aftert, ,t_, NOTE 2: Output Data is validaftert_ , t_, 


A.C. CHARACTERISTICS [a = 0°C to +75°C, Voc = 5.0V +5%; unless otherwise specified. 


LIMITS 
PARAMETER MIN. UNIT TEST CONDITIONS 
| 
2 ns ; 


DATA TO OUTPUT DELAY 
WRITE ENABLE TO OUTPUT DELAY 17 


TIME DATA MUST BE PRESENT BEFORE 
RISING EDGE OF WRITE ENABLE 


TIME DATA MUST REMAIN AFTER 
RISING EDGE OF WRITE ENABLE 


WRITE ENABLE PULSE WIDTH 


Ciypl3) =| DATA INPUT CAPACITANCE P3404 | 4 | pF f = 1 MHz, Vcc = OV 
C3404 | 5 | | pF VBIAS = 2.0V, Ta = 25°C 


Ci ywi3) WRITE ENABLE CAPACITANCE P3404 | | | *| pF f = 1 MHz, Vcc = OV 


7 


NOTE 3: This parameter is periodically sampled and is not 100% tested. 


TYPICAL CHARACTERISTICS 


DATA INPUT, WRITE ENABLE DATA INPUT, WRITE ENABLE 
TO OUTPUT DELAY VS. TO OUTPUT DELAY VS. WRITE ENABLE PULSE WIDTH 
LOAD CAPACITANCE AMBIENT TEMPERATURE VS. LOAD CAPACITANCE 

“é a= : 
3% 3% : 
wi 3 w 2 = 
- = - 
- Bel | 
a) —) | w 
2° = DATA OR WRITE ENABLE t_+ = 
=e <P g 
Ine qr s 
a4 a4 w 
az a2 = 

= 

0 100 200 300 400 0 25 50 75 
LOAD CAPACITANCE (pF) AMBIENT TEMPERATURE (°C) LOAD CAPACITANCE (pF) 
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intel 
3242 


ADDRESS MULTIPLEXER AND REFRESH 
COUNTER FOR 16K DYNAMIC RAMs 


= Ideal For 2116 a Single Power Supply: 


= Simplifies System Design +5 Volts +10% 
= Address input to Output Delay: 


9ns Driving 15 pF, 
« Standard 28-Pin DIP 25ns Driving 250pF 


« Suitable For Either Distributed 
Or Burst Refresh 


The Intel® 3242 is an address multiplexer and refresh counter for multiplexed address dynamic RAMs requiring retresh of 64 or 
128 cycles. It multiplexes 14 bits of system supplied address to 7 output address pins. The device also contains a 7 bit refresh 
counter which is externally controlled so that either distributed or burst refresh may be used. The high performance of the 3242 
makes it especially suitable for use with high speed N-channel RAMs like the 2116. 


The 3242 operates from a single +5 volt power supply and is specified for operation over a0 to +75°C ambient temperature 
range. It is fabricated by means of Intel’s highly reliable Schottky bipolar process and is packaged in a hermetically sealed 28 
pin Type D package. 


a» Reduces Package Count 


PIN CONFIGURATION LOGIC DIAGRAM 
COUNT [_}1 281} Voc Sie 
REFRESH ENABLE |_} 2 271_J A, bad 


ROW ENABLE [_]3 261_J Ai3 Ag 
——_—_— 


- =D 

n.c.([] 4 25{_J A; | 

| | 

A, Be 247 | A2 | a | 

| 

Ag LJ6 231_JA, : } 

a,[]7 22f_]A a | | | 
2 11 TOTAL | | 

AgLJj8 21L_J A; | | 7 7 | 

TOTAL TOTAL | 

Ao LJ9 201] Aug : | | 

A,LJ10 19]_J 0, | | ; 
| | 

o,(}1 18[_] 0, A7O = = = | 

| 

| 


ERE KW eee eR 

— pasa am 

ey Be Sima 

0, (413 16] 0, Ao O > ) > 
= 

Gno[-]14 15 [_] ZERO DETECT 1 


NOTE: Ag THROUGH Ag ARE ROW ADDRESSES. 
Az THROUGH A,3 ARE COLUMN ADDRESSES. 


O Oo 


REFRESH 0 ie a 
ENABLE 
TRUTH TABLE AND DEFINITIONS: 7 TOTAL 
a 6 TOTAL 
REFRESH | ROW ROW 
ENABLE | ENABLE | OUTTUT ENABLE OJ CT] po Feteer 
REFRESH ADDRESS 
(FROM INTERNAL COUNTER) 
‘| ROW ADDRESS 
(Ag THROUGH A,) en hd hs 
‘| COLUMN ADDRESS sy 7 BIT COUNTER 
(A, THROUGH A,,) o 


COUNT ———————— 


COUNT — ADVANCES INTERNAL REFRESH COUNTER. 

ZERO DETECT — INDICATES ZERO IN THE FIRST 6 
SIGNIFICANT REFRESH COUNTER 
BITS (USED IN BURST REFRESH MODE) 
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3242 


ee UE EEE 


PIN NAMES AND FUNCTIONS 


Pin Pin 

No. Name Function 

1 Count Active low input increments internal 7- 
Input* bit counter by one for each count pulse 

in. 

2 Refresh Active high input which determines 
Enable whether the 3242 is in refresh mode (H) 
Input™ — or address enable (L). 

9,5,7,21, Ag—Ag Row address inputs. 

23,25,27 ~=Inputs* 

10,6,8,20, A7—Ay3 Column address inputs. 

22,24,26 Inputs* 

11,13, 12, Oo—Og Address outputs to memories. Inverted 

18,17,16, Outputs with respect to address inputs. 

19 

14 GND Power supply ground. 

15 Zero Active low output which senses that the 
Detect six low order bits of refresh address in 
Output the counter are zero. Can be used in the 

burst mode to sense refresh completion. 

2 Row High input selects row, low input selects 
Enable column addresses of the driven memo- 
Input* ries. 

28 Vcc +5V power supply input. 


*The inputs are high impedance, TTL compatible, and suitable for bus 
operation. 


DEVICE OPERATION 


The Intel® 3242 Address Multiplexer/Refresh Counter per- 
forms the following functions: 


1. Row, Column and Refresh Address multiplexing. 
2. Address Counting for burst or distributed refresh. 


These functions are controlled by two signals: Refresh Enable 
and Row Enable, both of which are active high TTL inputs. 
The truth table on page 1 shows the levels required to multi- 
plex to the output: 


1. Refresh addresses (from internal counter). 


ZERO DETECT 


REFRESH 
ENABLE. 


ROW 
ENABLE 


COUNT 


2. Row addresses (Ag through Ag). 
3. Column addresses (Az through Aj3). 


Burst Refresh Mode 


When refresh is requested, the refresh enable input is high. 
This input is ANDed with the seven outputs of the internal 
7-bit counter. At each Count pulse the counter increments by 
one, sequencing the outputs (Og—Og) through 128 row ad- 
dresses. When the first six significant bits of the counter 
sequence to all zeros, the Zero Detect output goes low, 
signaling the end of the refresh sequence. Due to counter de- 
coding spikes, the Zero Detect output is valid only after tcez 
following the low-going edge of Count. The Zero Detect out- 
put used in this manner signals the completion of 64 refresh 
cycles. To use the 128-cycle burst refresh mode, an external 
flip-flop must be driven by the Zero Detect. 


Distributed Refresh Mode 


In the distributed refresh mode, one row is selected for refresh 
each (treFRESH/N) time where n = number of refresh cycles 
required for the device and trerfREsn is the specified refresh 
rate for the device. For the 2116 trerResy = 2 msec and n = 
128 or 64, therefore, one row is refreshed each 15.5 or 31 
msec, respectively. Following the refresh cycle at row n,, the 
Count input is pulsed, advancing the refresh address by one 
row so that the next refresh cycle will be performed on row 
Ny+4. The Count input may be pulsed following each refresh 
cycle or within the refresh cycle after the specified memory 
device address hold time. 


Row and Column Address 


All 14 system address lines are applied to the inputs of the 
3242. When Refresh Enable is low and Row Enable is high, 
input addresses Ag—Ag are gated to the outputs and applied to 
the driven memories. Conversely, when Row Enable is low 
(with Refresh Enable still low), input addresses A7—Aj3 are 
gated to the outputs and applied to the driven memories. 
Figure 1 shows a typical connection between the 3242 and the 
2116 16K dynamic RAM. When the memory devices are 
driven directly by the 3242, the address applied to the mem- 
ory devices is the inverse of the address at the 3242 inputs due 
to the inverted outputs of the 3242. This should be remem- 
bered when checking out the memory system. 


Figure 1. Typical Connection of 3242 and 2116 Memories. 
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3242 


Absolute Maximum Ratings* 


-10° to +85°C 
-65° to +150°C 


Temperature Under Bias 
Storage Temperature 
All Input, Output, or 
Supply Voltages 
Output Currents 
Power Dissipation 


100mA 


oerev eer ee eee ese ee eee eee eer eee eevee 


D.C. and Operating Characteristics 
All Limits Apply for Vcc = 5.0V +10%, T, = 0°C to + 75°C 


“COMMENT: 


Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


a Vin 

Vig [input High Vohage [0 

Vou Output High Voltage (Oo-Os) | 30 | 40 | fF Vv. lon = —1mMA 

Vout Output High Voltage 3.3 | -* *] lon = —1mMA 
(Zero Detect) 


Notes: 1. Typical values are for Ta = 25°C and Vcc = 5.0V. 
2. Inputs are high impedance, TTL compatible, and suitable for bus 


Packaging Information 


operation. 


28 LEAD HERMETIC DUAL IN-LINE PACKAGE 


TYPE 


1.470 (37.338) 
1.430 (36.322) 


— 


.230 


(5.842) <== 
SEATING MAX. Besos 
PLANE .100 {(2.540) 
MIN. | .065 (1.651) 
.110 (2.794) .040 (1.016) 
.090 (2.286) .032 TYP 


(0.831) 
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D 


x 


530 (13.462) 
‘510 (12.954) 
.625 
MAX. 
near | 
180 (4.572) 
140 (3.556) 


Bea MIN. 


| (0.381) 
<— 023 (0.584) 


014 (0.356) 


| 015 = 
008 (0.203) 
[__200 

600 

(17.78) 

(15.24) 


3242 


A.C. Characteristics 
All Limits Apply for Vcc = +5.0V +10%, Ta = 0°C to 75°C, Load = 1 TTL, Cy = 250pF, Unless Otherwise Specified. 


Seance, | _pamengers __, | Wt. |Wvn0) MAK. | vow | oosmerione 


Address Input to Output Delay Refresh Enable = Low!2) (3) 
7 Address Input to Output Delay Refresh Enable = Low 


too Row Enable to Output Delay Refresh Enable = Low/2) (3) 


too1 Row Enable to Output Delay ete Refresh Enable = Low 

teo Refresh Enable to Output Delay Notes 2, 3, 4 

tro: Refresh Enable to Output Delay —= Note 4 

tco Count to Output a Refresh Enable = High (2)(3)(4) 


tco1 Count to Output Refresh Enable = High (4) 


fc Counting Frequency 5 Note 4 


Pt 5 
= Count Pulse Width 35 ||| ns | Note4 
tez Count to Zero Detect | 15 | | 7o | ns | Notes 3, 4 


Notes: 1. Typical values are for Ta = 25°C and Vac = 5.0V. 4. The Count pulse must remain in a steady state for at least 150ns 
2. Ta = 25°C, Vcc = 5.0V. before and after the rising edge of the refresh enable pulse. 


3. CL = 15 pF. 
A.C. TIMING WAVEFORMS (Typically used with 2116) 


NORMAL CYCLE 


ROW ENABLE 


Ag -Ai3 


Op - 0, ROW ADDRESS COLUMN ADDRESS 


REFRESH 
ENABLE 


Vit 
REFRESH CYCLE 
REFRESH “i 
ENABLE Leaded 
Vin 


REFRESH ADDRESS 


Ld ® 


In 


3628A 
8K (1K x 8) BIPOLAR PROM 


50ns Max. 
70ns Max. 
90ns Max. 


3628A-1 
3628A-3 
3628A-4 


= Fast Access Time: 50ns for 3628A-1 =" Three-State Outputs 


= Low Power Dissipation: 0.08mW/Bit = Hermetic 24-Pin DIP 


Tvpicall = Polycrystalline Silicon Fuses for 
Pp esele Higher Fuse Reliability/Higher 
= Four Chip Select Inputs for Easy Programmability 


Memory Expansion = +10% Power Supply Tolerances 


The Intel® 3628A is a fully decoded 8192-bit PROM organized as 1024 words by 8 bits. The worst case access 
time of 50ns is specified over the 0°C to 75°C temperature range and 10% Vc power supply tolerances. There 
are four chip selects provided to facilitate expansion into larger PROM arrays. It uses Schottky clamped TTL 
technology with polycrystalline silicon fuses. All outputs are initially high and logic low levels can be electri- 
cally programmed in selected bit locations. 


The 3628A supersedes the 3628 high-density PROM. This 8192-bit PROM uses the most advanced technology 
available. As a result the 3628A combines higher performance and lower power in asmaller die than the 3628. 
The 3628A is packaged in a hermetic 24-pin dual in-line package with the exact pin configuration as the 3628. 


PIN CONFIGURATION BLOCK DIAGRAM LOGIC SYMBOL 


DATA OUT1 DATA OUT 8 


CS; —> 

CS, OUTPUT 
CS,—>| BUFFERS 
CS, 


1 
2 
3 
4 
5 
6 
7 
8 
9 


= 
oO 


= = 
nyo = 


PIN NAMES 


An = ADDRESS INPUTS 
CS, - CS. 
1 2 LCHIP SELECT INPUTS!"! 
cs, -Cs, 
7 


0,-0, | DATAOUTPUTS 


[1] To select the PROM CS, = CS, =V,, 
and CS, = cS, = Vin 


2-43 


3628A 


A.C. CHARACTERISTICS Voc = +5V + 10%, Ty =0°C to +75°C 


MAX. LIMITS 
PARAMETER 3628A-1 3628A-3 | 3628A-4| UNITS 


SYMBOL CONDITIONS 


Outpt Enable Time [30 90 | 9 [ne | and CSp~CS4~Viy 
Output Disable Time a ee es ee ee to select the PROM. 


CAPACITANCE" T, = 25°C, f =1mHz 


TYP. LIMITS 
SYMBOL PARAMETER UNIT TEST CONDITIONS 


Cina Address Input Capacitance | & | 
Cins Chip-Select Input Capacitance aa 10 Veco =5V Vin =2.5V 
Court Output Capacitance | 6 | 12 | pF Veco =5V Vout =2.5V 


NOTE 1: This parameter is only periodically sampled and is not 100% tested. 


SWITCHING CHARACTERISTICS 


Conditions of Test: 10mA TEST LOAD 
Input pulse amplitudes — 2.5V 
Input pulse rise and fall times of 

5 ns between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 30pF 1KO 
Output loading is 10mA and 30pF 
Frequency of test — 2.5mHz = 


WAVEFORMS 


ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 


CS, C8, 
ADDRESS 


INPUT 
C&,, C5, 


OUTPUT OUTPUT 


QUTPUT 
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PROGRAMMING 


3628A 


The programming specifications are described in the PROM programming section of the Data Catalog. 


Absolute Maximum Ratings* 


Temperature Under Bias —65°Cto +125°C 


Storage Temperature ............. -65°Cto +160°C 
Output or Supply Voltages........... —0.5V to 7 Volts 
All DUE VONAOGS cscs c cic csacasavenais — 1.5V to 5.5V 
OUtput COGS . 6c ec veeetaddsnceewaeenk Vex 100mA 


*COMMENT: Stresses above those listed under ‘Absolute Maximum 
Ratings” may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


D.C. CHARACTERISTICS: All Limits Apply for Vog = +5.0V + 10%, Ty =0°C to +75°C 


ee 

ira___| Address Input Load Current, | 

= [Pasar | 
Current 

“Pree 
Impedance State 

Isc 2] Output Short Circuit Current | 20 

Voa SS 

a kerio 
Voltage 

Vit Input “Low” Voltage be | 

— Input “High” Voltage ry 

NOTES: 1. Typical values are at 25°C and at nominal voltage. 


2. Unmeasured outputs are open during this test. 
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Typ.l"] 


0] o 
| Ww 
—_ 
ba | 
(jo) 


120 


Limits 


Test Conditions 


Voc = 5.5V, Va, = 0.45V 
Voc = 5.5V, Vg = 0.45V 
Voc = 5.5V, Va =5.5V 
Voc = 5.5V, Vs = 5.5V 


Vo = 5.5V or 0.45V, 
Voc = 5.57¥; CS, = CS. = 2.4V 


Vo = OV 
Voc = 4.5V, In = —10MA 
Voc = 4.5V, Is= —10mA 


100 m 
—1.5 


-1.5 


Voc = 4.5V, lot =10mA 
lon = —2.0mA, Voc = 4.5V 
Voc = 5.5V 


3 z ElE]3/3 
</</3]<|<| <|<]3| 5| 5[s/3ialg. 


@ Fast Access Time: 50ns Typically 
@ Low Power Dissipation: 0.05mW/Bit 


Typically 


@ Three Chip Select Inputs for Easy 


Memory Expansion 


m +10% Power Supply Tolerance 


3636 


16K (2K x 8) BIPOLAR PROM 


80 ns Max. 


@ Three-State Outputs 
@ Hermetic 24-Pin DIP 


@ Polycrystalline Silicon Fuses for 


Higher Fuse Reliability/Higher 


Programmability 


The Intel® 3636 is a fully decoded 16,384 bit PROM organized as 2048 words by 8 bits. The worst case access time of 
65 ns is specified over the 0°C to 75°C temperature range and 10% Vcc power supply tolerances. There are three chip 
selects provided to facilitate expansion into larger PROM arrays. The PROMs use the Schottky clamped TTL tech- 
nology with polycrystalline silicon fuses. All outputs are initially high and logic low levels can be electrically pro- 


grammed in selected bit locations. 


Prior to the 16,384 bit 3636, the highest density bipolar PROM available was 8192 bits. The high density of the 3636 now 
easily doubles the capacity without an increase in area on existing designs currently using 1024 by 8 bit PROMs. There 
is also little, if any, penalty in power since the power/bit is approximately one-half that of 8K PROMs. The 3636 is 
packaged in a hermetic 24-pin dual in-line package. 


PIN CONFIGURATION 


1 
2 
3 
4 
5 
6 
7 
8 
9 


~" 
oOo 


BLOCK DIAGRAM 


DATAOUT1 DATA OUT 8 


CS} OUTPUT 
csp —>] BUFFERS 


CS3 


16,384 
PROM MATRIX 


DECODER 
INPUT DRIVERS 


Ay A; A10 


PIN NAMES 


ADDRESS INPUTS 
CS;, CS2, CS3 | CHIP SELECT INPUTS‘) 
DATA OUTPUTS 


(1) To select the PROM CS; = Vit and 
CS2=CS3= Vin 
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LOGIC SYMBOL 


0, 
0, 
03 
O, 
O, 
O, 
oO, 
O, 


3636 FAMILY 


PROGRAMMING 


The programming specifications are described in the PROM programming section of the Data Catalog. 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias 


Storage Temperature ............ —65°Cto +160°C 
Output or Supply Voltages .......... —0.5V to 7 Volts 
All input Voltages ................... — 1.5V to 5.5V 
Output Currents ......... 0.0... ccc eee 100mA 


“COMMENT: Stresses above those listed under ‘‘Absolute Maximum 
Ratings” may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 


D.C. CHARACTERISTICS: All Limits Apply for Voc = + 5.0V+ 10%, Ta=0°C to + 75°C 


Ins 
VoH Output High Voltage 
Vit Input “Low” Voltage 
Vin Input “High” Voltage 


NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltages. 


2. Unmeasured outputs are open during this test. 


NO 


Test Conditions 


Voc = 5.5V, Va = 0.45V 
Voc = 5.5V, Vs = 0.45V 
Veco= 5.5V, Va=5.5V 
Voc = 5.5V, Vg = 5.5V 


Vo=5.5V or 0.45V, 
Voc = 5.5V, CS;=2.4V 


Vo=0V 
Voc = 4.5V, In= —10 mA 
Voc = 4.5V, Ils = —10 MA 
lon= — 2.4 MA, Voc = 4.5V 
Voc = 4.5V, lop =10 mA. 
Voc = 5.5V 

Vec=5.0V + 10% 

Voc = 5.0V + 10% 


z eS | 
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3636 FAMILY 


A.C. CHARACTERISTICS voc= +5V+ 10%, nieces to + 75°C 


MAX. | MAX. LIMITS 
PARAMETER 3636-1 3636 UNIT 


SYMBOL CONDITIONS 


CS1= Vip 
and CS,= CS3= Vin 
to select the PROM. 


CAPACITANCE ''’ T, = 25°C, f= 1MHz 


| TYP. LIMITS | LIMITS 
SYMBOL PARAMETER UNIT TEST CONDITIONS 


Cina Address Input Capacitance Voc = 5V Vin= 2.5V 


Cins Chip-Select Input Capacitance pe Vec = 5V Vin = 2.5V 


NOTE 1. This parameter is only periodically sampled and is not 100% tested. 


SWITCHING CHARACTERISTICS 


Conditions of Test: 10 mA TEST LOAD Vec 

Input pulse amplitudes: 2.5V 

Input pulse rise and fall times of 4702 
5 nanoseconds between 1 volt and 2 volts 

Speed measurements are made at 1.5 volt levels 30pF 1K Q 


Output loading is 10 mA and 30 pF 
Frequency of test: 2.5 MHz + 


WAVEFORMS 


ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 


cs, 
ADDRESS 


INPUT 
cs, CS, 


OUTPUT OUTPUT 


OUTPUT 
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PRELIMINARY 


3636B 
16K (2K x 8) BIPOLAR PROM 


3636B-1 35 ns Max 


3636B-2 


a Fast Access Time: 25 ns Typically = Three-State Outputs 
=» Low Power Dissipation: 0.05mW/Bit = Hermetic 24-Pin DIP 
Typically # Polycrystalline Silicon Fuses for 
a Three Chip Select inputs for Easy Higher Fuse Reliability/Higher 
Memory Expansion Programmability 


=» +10% Power Supply Tolerance 


The Intel 3636B is a very fast, fully decoded 16,384 bit PROM organized as 2048 words by 8 bits. The worst case 
access time is 35ns over a temperature range of 0°C to 75°C with a 10% Vcc power supply tolerance. There are 
three chip selects provided to facilitate expansion into larger PROM arrays. The PROMs use the Schottky 
clamped TTL technology with polycrystalline silicon fuses. All outputs are initially high and logic low levels 
can be electrically programmed in selected bit locations. 


The 3636B is designed for use in performance based systems. This 16,384 bit PROM uses the most advanced 
technology available. As a result, the 3636B combines higher performance and equivalent power in asmaller 
die than previous 16K Bipolar PROM designs. The 3636B is packaged in a hermetic 24 pin dual in-line 
package with the same pin configuration as the 3636. 


PIN CONFIGURATION BLOCK DIAGRAM LOGIC SYMBOL 


DATAOUT1 DATA OUT 8 


CS} OUTPUT 
fe ae BUFFERS 


CS3 


1 
2 
3 
4 
5 
6 
7 
8 
9 


—_ —_ 
—_ Oo 


_ 
N 


PIN NAMES 


ADDRESS INPUTS 
S1, CS2, CS3 | CHIP SELECT INPUTS") 
DATA OUTPUTS 


(1) To select the PROM CS; = Vit and 
CS2 = CS3 = Vin 
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3636B PRELIMINARY 


PROGRAMMING 


The programming specifications are described in the PROM programming section of the Data Catalog. 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ......... —65°Cto +125°C *COMMENT: Stresses above those listed under “Absolute Maximum 
Storage Temperature ............ ~65°Cto +160°C Secunda. emai iaeparane a wer saber This isa fei 
rating only and functional operation of the device at these or any other 
Output oa Supply Voltages eee —0.5V to 7 Volts conditions above those indicated in the operational sections of this 
laren CUT OM Oe OS we SSSR ww ee = 1 5V to 5.5V specification is not implied. 
DIDUrCONGINNS ccecassecev ie csgaeeeee sess 100mA 


D.C. CHARACTERISTICS: Ali Limits Apply for Voc = + 5.0V+ 10%, Ta=0°C to + 75°C 


Symbol Parameter Lets Test Conditions 


lea Address Input Load Current Voc = 5.5V, Va = 0.45V 
les Chip Select Input Load Current Voc = 9.5V, Vs = 0.45V 


IRA Address Input Leakage Current Voc = 9.5V, Va =5.5V 
Voc = 5.5V, Vs = 5.5V 


Vo =5.5V or 0.45V, 
Voc = 5.5V, CS, = 2.4V 


Vo=O0V 
Voc = 4.5V, |n= —10 mA 
Vec = 4.5V, Ig= —10 mA 
lon= — 2.4MA, Voc = 4.5V 
Voc = 4.5V, lo = 10 mA 


IRs Chip Select Input Leakage Current 


Ilo Output Leakage for High Impedance State 


Isc 2] Output Short Circuit Current 


| 
cal 
oO 


Voa Address Input Clamp Voltage 

Vos Chip Select Input Clamp Voltage 
Output High Voltage 

VoL Output Low Voltage 


< 
12) 
x 


a 
on 
oO 

= | 

& _k 

ol 


3 3/ = {E/E I13/3 


loc Power Supply Current Voc = 5.5V 
Vib Input “Low” Voltage Ld Voc =5.0V + 10% 
Vins Input “High” Voltage Fd Voc =5.0V + 10% 


NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltages. 
2. Unmeasured outputs are open during this test. 


N 
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3636B PRELIMINARY 


A.C. CHARACTERISTICS voc= +5V+ 10%, SS to +75°C 


| MAX. LIMITS LIMITS 
PARAMETER 3636B-1 3636B-2 UNIT 


Addressto Output Delay | 95 | 45 | ns 
Output Enable Time | 2 | 
EL a a a 


SYMBOL CONDITIONS 


CS; =Vit 
and CS. = CS3= Vin 
to select the PROM. 


CAPACITANCE’ T, = 25°C, f= 1 MHz 


| TYP. LIMITS | LIMITS 


SYMBOL PARAMETER 
| TYP. | MAX. 


Cina Address Input Capacitance rs iw o Voc = SV Vin = 2.9V 


Cins Chip-Select Input Capacitance a Vec = 5V Vin = 2.5V 


NOTE 1: This parameter is only periodically sampled and is not 100% tested. 


UNIT TEST CONDITIONS 


SWITCHING CHARACTERISTICS 


Conditions of Test: 10 mA TEST LOAD Vec 

Input pulse amplitudes: 2.5V 

Input pulse rise and fall times of 4702 
5 nanoseconds between 1 volt and 2 volts 

Speed measurements are made at 1.5 volt levels 30pF 1K 2 


Output loading is 10 mA and 30 pF 
Frequency of test: 2.5 MHz 


WAVEFORMS 


ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 


cs, 
ADDRESS 


INPUT cs, CS 


OUTPUT OUTPUT 


OUTPUT 
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I. PROM AND ROM INPUT FORMATS 


A. Acceptible Formats 


Intel can accept programming and masking information for PROMs, EPROMs, or ROMs in the form of floppy disk, punched 
paper tape, a master device from which to copy, or computer punched cards. The allowable formats are given in Table 1. The 
preferred formats for the paper tape and computer card input media are the Intel Intellec Hex and BPNF since these formats 
are defined to allow detection of errors. | 

It is desirable that two, preferably different, input media for each customer code be sent so Intel can perform a code verifica- 
tion to detect any errors between the two inputs. This procedure, if followed, can avoid errors due to a mispunched tape/card 
or sending a defective or improper master device. 

All orders must be accompanied by a customer PROM/ROM order form. A copy of the form is contained in this section and 
additional copies are available from Intel Literature Department, 3065 Bowers Ave., Santa Clara, California 95051. 


Table |. Acceptable Formats 


Floppy Disk Computer Card Master Device 


@ Intel Microcomputer @ Intellec Hex @ |ntellec Hex @ Same Density and 


Development System Pin Compatible 
Single or Double @ BPNF @ PN to Device which 


Density Disk is to be Pro- 
@ Hex grammed. 


A1. Logic Levels 
All data field for Intel’s EPROMs/PROMs/ROMs are positive logic. The only exceptions are the 4001 and 4308 ROMs which 
use negative logic. For the 4001/4308, an “0” is a high output and a ‘’1” is a low output. Consequently, because the BPNP 
format specifies the voltage level at the output of the device, it is necessary to input an “0” and “1” in the 4001/4308 in- 
struction code as a “’P’”’ and “’N” respectively. However, for the Hex format, the 4001/4308 input should be specified accord- 
ing to the instruction code logic state, i.e., a‘’1"’ or 0.’ The below example shows the corresponding input for 4001 instruc- 
tion codes. For comparison, the input for an 8080A is also given as an example. 


1. 4001 Instruction Code 


4001 4001 Intellec Hex 
. : BPNF 
Instruction Instruction Or Non-Intellec Ss icas 
Mnemonic Code Hex Input e 


|_Nop | 0000 0000 | ——-00~—|_BPPPPPPPPF 
oe 
Instruction Instruction 


1110 0000 BNNNPPPPPF 
2. 8080A Instruction Code 
Intellec Hex 
Or Non-Intellec BPNF 
Mnemonic Code Hex Input Input 
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B. Paper Tape Format 


The paper tape which should be used is 1° wide paper using 7 or 8-bit ASCII! code (such as a Model 33 ASR Teletype pro- 
duces). The three paper tape formats which should be sent are described in Sections B1 through B3. 


B1. Intellec Hex Paper Tape Format 


In the Intel Intellec Hex Format, a data field can contain either 8 or 4-bit data. Two ASCII hexadecimal characters must be 
used to represent both 8 and 4-bit data. In the case of 4-bit data, only one of the characters is meaningful and must be 
specified on the Intel PROM/ROM Order Form. 


Preceding the first data field and following the last data field there must be a leader/trailer length of at least 25 null charac- 
ters. Comments (except for a colon) may be placed on the tape leader. 


The format described below is readily generated by the Intel Intellec Microcomputer Development System or by systems 
programmed by the user. 


1. RECORD MARK FIELD: Frame 0 
The ASCII code for a colon (:) is used to signal the start of a record. 
2. RECORD LENGTH FIELD: Frames 1 and 2 


The number of data bytes in the record is representated by two ASCII hexadecimal digits in this field. The high-order 
digit is in frame 1. The maximum number of data bytes in a record is 255 (FF in hexadecimal). An end-of-file record 
contains two ASCII zeros in this field. 


3. LOAD ADDRESS FIELD: Frames 3-6 


The four ASCII hexadecimal digits in frames 3—6 give the address at which the data is loaded. The high-order digit is in 
frame 3, the lower-order digit in frame 6. The first data byte is stored in the location indicated by the load address; 
successive bytes are stored in successive memory locations. This field in an end-of-file record contains zeros or the start- 
ing address of the program. 


4. RECORD TYPE FIELD: Frames 7 and 8 


The two ASCII hexadecimal digits in this field specify the record type. The high-order digit is in frame 7. All data 
records are type O; end-of-file records are type 1. Other possible values for this field are reserved for future expansion. 


5. DATA FIELD: Frames 9 to 9+2*(record length)-1 


A data byte is represented by two frames containing the ASCII characters O—9 or A—F, which represent a hexadecimal 
value between O and FF (0 and 255 decimal). The high-order digit is in the first frame of each pair. If the data is 4-bit, 
then either the high or low-order digit represents the data and the other digit o* the pair may be any ASCII hexadecimal 
digit. There are no data bytes in an end-of-file record. 
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6. CHECKSUM FIELD: Frames 9+2*(record length) to 9+2* (record length)+1 


The checksum field contains the ASCII hexadecimal representation of the two’s complement of the 8-bit sum of the 
8-bit bytes that result from converting each pair of ASCII hexadecimal digits to one byte of binary, from the record 
length field to and including the last byte of the data field. Therefore, the sum of all the ASCII pairs in a record after 
converting to binary, from the record length field to and including the checksum field, is zero. 


Intellec Hex Example: 


: 1031000031 1A320E03117E31CD40003A9231B7C2EE 
: 1031100060310E001 17031CD40003A9231B7C2607B 
: 10312000312A7E31227A310E03117E31CD40003AB0 
: 103130009231B7C260312A8C317CB5CA50310E044D 
: 103140001 18831CD40003A9231B7C26031C3273186 
: 103150000E01117A31CD40000E09119031CD4000A1 
: 103160000E0C119231CD40000E09119031CD40006E 
: 0A3170007E3196310100000092311B 

: 10317C0092310100963180008C31923100009631F 1 

: 04318E0092319231B7 

: 023194009231 76 

: 00310001CE 


B2. BPNF Paper Tape Format 
The format requirements are as follows: 
1. All data fields are to be punched in consecutive order, starting with data field O (all addresses low). There must be 
exactly N data fields for a N x 8 or N x 4 device organizations. 


2. Each data field must begin with the start character B and end with the stop character F. There must be exactly 8 or 4 
data characters between the B and F for aN x 8 or N x 4 organization, respectively. 


NO OTHER CHARACTERS, SUCH AS RUBOUTS, ARE ALLOWED ANYWHERE IN A DATA FIELD. If in prepar- 
ing a tape an error is made, the entire data field, including the B and F must be rubbed out. Within the data field, a P 
results in a high level output, and an N results in a low level output. 


3. Preceding the first data field and following the last data field, there must be a leader/trailer length of at least 25 charac- 
ters. This should consist of rubout punches (letter key for Telex tapes) or null characters. 


4. Between data fields, comments not containing B’s or F’s may be inserted. Carriage return and line feed characters 
should be inserted (as a ‘‘comment”’) after each 72 characters. When these carriage returns, etc., are inserted, the tape 
may be easily listed on the teletype for purposes of error checking. The customer may also find it helpful to insert the 
word number (as a comment) at least every four word fields. 


5. Included in the tape before the leader should be the customer’s complete Telex or TWX number and if more than one 
pattern is being transmitted, the device pattern number. 


6. MSB and LSB are the most and least significant bit of the device outputs. Refer to the data sheet for the pin numbers. 


Example of BPNF 2048 x 8 format (N = 2048): 


Start Character Stop Character Data Field MSB LSB 


Leader: Null characters, BPPPNNNNNFEBNNNNNNPPFeee BNPNPPPNNF Qialer: Null characters, 


Rubout Key for TWX, or | Rubout Key for TWX, or 
Letter Key for Telex Letter Key for Telex 
(at least 25 frames) Word Field 0 Word Field 1 Word Field 2047 (at least 25 frames) 


Example of 512 x 4 format (N = 512): 


Start Character Stop Character Data Field MSB- LSB 
Leader: Rubout Key Trailer: Rubout Key 
for TWX and Letter BPNPNF BNNNN Feecseeee BPPPPF for TWX and Letter 
Key for Telex (at least Key for Telex (at least 
25 frames) Word Field 0 Comment Word Field 1 Word Field 511 25 frames) 
(see text) 
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B3. Non-Intellec Hex Paper Tape Format 


For the non-Intellec Hex Format, a data field can contain either 8 or 4-bit data. Two ASCII hexadecimal characters must be 
used to represent both 8 and 4-bit data. In the case of 4-bit data, only one of the characters is meaningful and must be 
specified on the Inte! PROM/ROM Order Form. 


Parity is allowed; however, it is not checked. Preceding the first data field and following the last data field there must be a 
leader/trailer length of at least 25 null characters or rubout punches. 


The format requirements are as follows: 


1. The start of the first data field is indicated by a colon. After the last data field, a semicolon must be punched to indi- 
cate the end. All data fields are to be punched in consecutive order, starting with data field OO, (all addresses low). 


2. Two hex characters must be used to represent the data field of both N word x 8-bit and N word x 4-bit devices. For an 
8-bit data field, the high order data is represented by the left justified character of the pair. Either character of the pair 
may be used to represent the word field of a N word x 4-bit device, however, it must be consistent throughout the word 
field. The other character may be any hex character. 


A field of ‘don’t care” data is allowed. Data after a field of ‘don’t care’’ will be programmed starting at an address 
location enclosed in parentheses. In the following example, data is entered in addresses OOy to 05y, followed with 
“don’t care’ from addresses O06, to 25,,, data being entered again starting at address location 26y,, and followed with 
‘don’t care’’ data to the last address location. 


3 \/ BO890F Hs 


Start Character Data Fields from Address Location Data Fields from End Character 
Address OO to O54, where Data is to be Address 26, to 2Ay 
Programmed 


3. The x character may be used to rubout any erroneous character(s). The = character may be used to rubout an entire 
line up to the previous carriage return. 


4. Spaces are allowed only between separate word fields. 
5. After each 72 characters, a carriage return followed by a line feed should be punched to allow a print-out of the tape. 


6. Comments must be placed only between the tape leader and the start of the first data field. 


C. Computer Punched Card Format 
The following general format is applicable to the programming information sent on computer punched cards: 
1. An 80 column Hollerith card (interpreted) punched on an IBM 026 or 029 keypunch should be submitted. 


2. A single deck must consist of a Title Card followed by the data cards. There will be N/8 or N/14 data cards for N words 
x 8-bit and N words x 4-bit devices, respectively, in the PN format. 


For the Intellec Hex format, there will be N/32 data cards for both N words x 8-bit and N words x 4-bit devices, and 
one end of file card. 


C1. Intellec Hex Computer Punched Card Format 


Two hex characters must be used to represent data for both a N word x 8-bit and N word x 4-bit device. For the latter, only 
one of the characters is meaningful and must be specified on the Intel PROM/ROM Order Form. The entire data field for all 
bits must be punched even if it is ‘“don’t care”’. 


DECIMAL NUMBER INDICATING 
THE TRUTH TABLE NUMBER 
NO OF OUTPUTS 


TITLE CARD INTEL 1 Punch aT 
IGNATION ; 
DESIG (@) CUSTOMER'S P/N b 4 se ; — 
CUSTOMER'S DIVISION OR CUSTOMER'S es —— ompany Name 
P/N ee 
ba Ce ids Ciaran ead pa es 31 50 Customer's Company Division or location 


51-52 Blank 

53.61 Customer Part Number 

62. 63 Blank 

64.72 Punch the Intel 4-digit basic part number and 
in-() the number of output bits, eg, 2708 
(8), 2316 (8), or 3605 (4) 

73 74 ~~ Blank 

75 76 Chip number for ROMs with programmable 
chip select inputs. If not applicable, leave 
blank 

77-78 Blank 

79-80 Punch a 2 digit decimal number to indicate 

truth table number The first truth table 

will be 00, second 01, third 02. etc 


= TT TURE mae aE | 
| | | oenenes ae 
a 086 ous i i} i 


“ a8 ‘ ue Pe ee eee ten ote 
OPP Ree eee) Pel Ree! Bl Ret PRO R ees Dee | 


PRRDETATEATIBT ERE Da Ace aC a 
T BESRESEEE) Bl | REE] Ee) MOREEREOREPSRES! ED) | PERE) Fl POPEPPEESEE! FREER) | PCeenaee 
PUUUUU UR ERUUEE ET EUEUU OUP UUUUUUEUUEPUUUUUUEUECCOUUEUCEECECECOE! POSES ESS! LORE Eee, 
SSSSSSSSSMSHSSSSPSSSSSSTSSSSSSSSSTSSMSSSSSSSSSSSSSSSSSSSSSSSS IMSS SSS SHE a 
CREEK EOE ES EEE OOM URGES CMO CE OEE DED EEE ESE OSE DEED EEDEEBEGHEE DHE ES Hohn n dt nb bbe bERONES 
My PEPPeed eee cadeieiaal ! : eo Bl 
CUR GPOCOCNO NFER AH ER UO ROO DER MER REO ES HERE PBR PRNGSHE EBS sso cree eds 


RERMEE) PERSE! EO! CERES) DECREE CESESEREEROER] LBMBR) BERRA ERR EaG 
: 3 NS at SS re ere Me Ere ne aor 1 2 « 8 
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a. N word x 8-bit device 


Column 


1 Record mark: A colon is used to signal the 
start of a record. 

2-3 Record length: This is the count of the actual 
data bytes in the record. Column 2 con- 
tains the high order digit of the count, 
Column 3 contains the low order digit. A 
record length of zero indicates end of file. 
All frames containing data will have a 
maximum record length of 10y¢ex bytes 
(16 decimal). 

4-7 Load address: The four characters starting 
addresses at which the following data will 
be loaded. The high order digit of the load 
address is in Column 4 and the low order 
digit is in Column 7. The first data byte is 
stored in the location indicated by the load 
address. Successive data bytes are stored in 
successive memory locations. ROMs con- 
taining more than 16 bytes of data wil! use 
two or more records or cards to transmit 
the data. Although the load address for the 
beginning record need not be 0000, each 
subsequent load address should be ‘’10,,”’ 
(16 decimals) greater than the last. 

Record type: A 2-digit code in this field speci- 
fies the type of this record. The high order 
digit of this code is located in Column 8. 
Currently, all data records are type 0. Enda- 
of-file records will be type 1; they are dis- 
tinguished by a zero RECORD LENGTH 
field (see above). Other possible values for 
this field are reserved for future expansion. 

Data 

Checksum: Same as paper tape format. 

Blank 

Punch same 2-digit decimal number as in Title 
Card.. 


b. N word x 4-bit device 


This format is identical to the previously documented 8-bit hexadecimal format with the following exceptions: 


10—73 Each memory location is represented by two 
columns containing the characters O—9, 
A—F. Since this is 4-bit data, the user must 


indicate which character of each pair is to 
be used as valid data. A single deck must be 
submitted without mixing first and second 
characters of the pair. 


2-56 


C2. PN Computer Punched Card Format 


A word field consists of only P’s and N’s. A punched P will result in an output high level and a punched N in an output low 
level. The B and F characters, unlike the paper tape format, are illegal characters. The entire data field for all bits must be 
punched even if it is ‘‘don’t care’’. The data field must begin in consecutive order, starting with address O (all addresses 
‘logically low). 


DECIMAL NUMBER INDICATING 
THE TRUTH TABLE NUMBER 


NO. OF OUTPUTS 


4or8 
TITLE CARD INTEL 
ESIGNATION 
= CUSTOMER'S P/N 
CUSTOMER'S DIVISION OR CUSTOMER'S 
COMPANY NAME LOCATION P/N 
a FIT, f 1 


at! "det Sup? 
5 : ’ u8 rT a8 
L] aa | 
ete ee Ce La gL Mil ttt babchobtchatoabebr beds Fad dae | 


yoreven: TE Sie eee Sie Be ERM EI i PUSS Ie RE Ee Oe Dinette te te ce Pe | 


MURETERETEETRARETTRETERRRRREETRTTED LY TART T Res DORR eeeees Dee e Reese eee 


a? 
 PRREEEEEE] Bl | BEES) EE) EREEEPEEEEEESES) EE) | EEEE) FE) ERESEEEEEEE FPEEEE. | PRPPREEEEEE 


WUT URERUREEERERUERE TURP O UO UEP ERUUPOUUURERUREECCURECERERCEEEES! LOCOEEEO! COREECEES 

SSSSSSSSSBSMSSSSPSSSSSSSSSSSSSSSSSSSHSSSSSSSSSSSSSSSSSSSSSSSSSBSSSSSSSS MSHS S S555 

CEE CEE CSECE CEE SMECCO CEM E SE CEE FECES CHE SHE HEFCE FFE CE MEF FRESE ESE HEEE HEE EEE SEEGER GEES 

PERE) LEEPER RPREReeeee! POPP Rese Peso eee eee eee eee 

PRR RERMSHR RCAC RR ERA OBRRBR ERR ER BHT BR RRR BH KERR ABER BBR H HBR AHE HBR HKG H ARAB MMR Gav ee 

Me eee eee naa iatantanaessicasaensrnres ne 3? VEST HSS PITT T IAAT 
) 


Yes wy 


Title Card Format. 


For a N words X 4-bit organization only, cards 2 and 
those following should be punched as shown. Each card 
specifies the 4-bit output of 14 words. 


LSB DECIMAL NUMBER 
DECIMAL WORD — INDICATING THE 


ADDRESS BEGINNING TRUTH TABLE NUMBER 
EACH CARD 14 DATA FIELDS 1 


aan 


HW PME AN FRRE NNNE RENT NEP PRP FIP FR tt HERE Frit FRPP MRR FINE nf 


OOG8 BOGE BORE GRRE BEG8 COE BARR BARR BORE BORG GORR GORE Chae Reee 
| 
eee eee we eee eee re Et or ie ek ieee cit Rie Me i ie te 
URRR RRR SERRE OURS OREEREESURERE ER OUEREE RRO RERORRSOREOU EEO EREEREREORUREROOREEOED 
PES E SPEC ESE e eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee eee 


999939999999999399993999999999999929999999999999999999999999999999999999999999999) 


WRU PUR UO RU REO UU U RU URU RUC UREEEEUSERURUECEERUUERURES EEUU ER EER EOEUREEER EERE EEEL 
SSSSSSSMSMSMMBRS 5555S MOBS 5s O02 BOSS 5555055050555 OR5B55555BONS 5555 SMES SS SMBS S5555 
CEO CEEEG ESSE EOC CESG EEO EFESEHESCEE EFCC ECE E GEESE ESF O OSES CCFC FH GEC CFE HH OE OOF EEOOHOOE 
aRRREL LL Peeneee ||| poems th | Deen | tk eee Oe tee | beeen | | ee pee || | een | ee Dee Pee 
VURDCOREDSH UGG ORDOUOUE PCS EOURUK OK CE CROCE O UC CORSE CHRO RHO HGR RRRRSHR UCB SOB RAHN OEE 


99999999999999999999999999999999999999999999999999999999 9999 9999999999999 989 9988 


Prva serose Powe erie re cee re Peeve! © Pe be Riese ele Sie Ee Peete ee Bie il PISO Ie te ee 2 ee | 
pum | Sa) 
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Punch a T 

Blank 

Customer Company Name 

Blank 

Customer's Company Division or location 

Blank 

Customer Part Number 

Blank 

Punch the Intel 4-digit basic part number and 
in (_) the number of output bits; e.g., 2708 
(8), 2316 (8), or 3605 (4) 

Blank 

Chip number for ROMs with programmable 
chip select inputs. If not applicable, leave 
blank. 

Blank 

Punch a 2-digit decimal number to indicate 
truth table number. The first truth table 
will be 00, second 01, third 02, etc. 


Punch the 5 digit decimal equivalent of the 
binary coded location which begins each 
card, The address is right justifled, i.e., 
POGSS, BBG14, 6BG28_ etc. 

Blank 

Data Field 

Blank 

Data Fieid 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Fleld 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Punch same 2 digit decimal number as In 
title card. 


For a N words X 8-bit organization only, cards 2 and 

those following should be punched as shown. Each card 

specifies the 8-bit output of 8 words. Punch the 5 digit decima! equivalent of the 
binary coded location which begins each 

LSB card. The address /s right justified, i.e., 

$BGGS, GOGGE, BAG 16, etc. 
DECIMAL NUMBER Blank 
INDICATING THE Data Field 


8 DATA FIELDS TRUTH TABLE NUMBER Blank 
ry Data Field 


UW 


MSB 


DECIMAL WORD 
ADDRESS BEGINNING 
EACH CARD 

oy 


Frybtatstelete FRE RR IE FR RMER RR RTMEE IY OF HNNEEE NNMMNP EP NEE NNTP PNNE EE 


Blank 
Data Field 


TITITII MLL MeL 

WEERGCOoocoTCOO DODD OOCTTOO OCHO NGO OOD DIOGO NO0 OND OODO OOO OOOO NOOO NN URE 

,ese ER. ot eo? ee ie ce Sees ee Sie be CIR tROR Ets Cie RI RPRUBTATE ELE Rie Bik RRA R ELE SL eect Bed | 
Prisdhyedi bend PPP UYU UTE V ETD EP EEE EEE EPEC EC EP UE EEE EEE EEE EET 
kt 
3933999395999959539999999999929999999999999999999999999999999999999999999999999993 
WORE REUP REPRE PEP Ee COUPEE e POPU Ee PME EPPP eee UPOUReeerRErerereeeeerererereereeen) 
SOSSSS SMS MOMMNS SSS SBMMS SSSR MMR 2 255BN550555 00S 555 ABU BRS 55 SBMS MOOS SS BBS SBHs555 
TERA RENBEHOKE DOC ESESESE EC vredEdbeo bb bob oL HEE EL bo v oo Ob Ooo HOL oH DOOD ELH SHOCOEE DOES 
eeees tf peeeeee || | eee et | bee | | | Pee en | | | ee | | 
BOETRHGRRS tc HR OE RBK RTE HSH GBR RBA OS RBH RRB BH BBE BBA HH GRR HS EGR THT SECS BEER OG HERB OEE BEG 
QG, 24445 OES SE HOSGAGGT UNI NOH TESTS IT 


Data Fieid 
Blank 

Data Field 
Blank 

Data Field 
Blank 

Data Field 
Blank 

Data Field 
Blank 

Punch same 2 digit decimal number as in 

title card. 


LEE ELEREEL EEC LLC Cer Le 


D. Custom PROM/ROM Order Forms 


All orders for PROMs/ROMs which are to be electrically or mask programmed at Intel must be submitted with the order 


forms shown on the following pages. Additional forms are available from Intel Literature Department, 3065 Bowers Ave., 
Santa Clara, California 95051. 


The order forms for the individual PROMs/ROMs are listed in Table I| below. 


Table II 


PROM/ROM 
Part Number 


MOS EPROMs 
8741, 8748, 8755 


8041, 8048, 8049 
2608 
8355 
Bipolar PROMs 
4001 
4308 
8021 
8022 


Order Form 
Number 
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CUSTOMER EPROM 
ORDER FORM 
A 


2716, 2732, 2732A, 
2763, 8741, 8748, 8755 


For Intel Use Only 


Company Phone + 


S# 
Company Contact Date 


P.O. # Intel Device P/N 


All custom MOS EPROM orders must be submitted on this form. Programming information 
should be sent per the formats described in the Programming Instruction section of the Intel 
Data Catalog. Additional forms are available from Intel. 


MARKING 1 


The marking will consist of the Intel Logo, the product and package type (D2716), the 
4-digit Intel pattern number (WWWW), an internal manufacturing traceability code 
(XXYY), and the customer part number (Z... Z). The customer part number is limited to 
a maximum of 9 digits or spaces. 


2716 MARKING 
EXAMPLE 


FLOPPY DISK 


Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input 
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy disk 
sent should also be indicated by checking one of the appropriate boxes: 


CL] Single Density CL) Double Density 


CUSTOMER PART NUMBER 


Customer P/N 


Floppy Disk File Name Intel Pattern Number 


(Please Fill-In) (Please Fill-In) (Please Do Not Use) 
1. ee oe ee ee ee 1 Loh pot Po a er Se ce ee Se (ee ee 
2% Lit tpi titi » Lit io) pot & LoL 
<n oe oo ee a S tot to a Se Loo til! 
4. 4] 4 * 7 4.3 4 tityyrpurppypyyyyy 4 ctLitrttsyyryy 
5B tLbLit | L | 5&5 Littl | | BS ttf bt 
6 Llitizrtistiti ts 6 tLititstitti 4 6. LJ ae ee ee 
i co os oe ec a ce |_| 7. tiple f ft tt | or a a ee ee oe oe er 
8. a See ee a A a Oe Se eae Oe ee Se ee ee ee | as a ee ee ee Se Se Ce ee 
9 Litt ty ft i i 9 tLlLitiyrtttsttiy s 9 Lictitytyytyy 4s 
a oe l 10 LitLipyryrtyy | 10. oo ee 
1. LY l a oe or ee 7. Loi | L 1 | WLE tL | | | oe 
12 LCL_ttytt ti ty 2 Littttttt ty § 12 LLiysritttl ff 
mM LJ Re Loh i, Lott tb bt! 
14, LCLi | [| l 14, LL | | | J MW Leb 
168 Lueityy | Lt yy 15. | Popp tt yt 1G. Co 
1. tot boi Pi oh aa A a RS saw |, Sian See em Se SN A ee ee, Pe 
17. | Lt | | 17. l Lttiyytyy § 17, LLI tt td 
18. | ppp tt pi 18 (tbo a a a er oe 
TO. Lotti i fb Lid fm ‘Liat o Lobe fi 
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CUSTOMER 8041, 8048, 8049 ROM 8041, 8048, 8049 


ORDER FORM 
C 


For Intel Use Only 


Company ____s~éPhone # _ 

S# 
Company Contact Date — 
P.O. # Package Type: CI Plastic C) Cerdip 


All custom 8041, 8048 and 8049 orders be submitted on this form. Programming information 
should be sent per the formats described in the Programming Instruction section of the Intel 
Data Catalog. Additional forms are available from Intel. 


MARKING 


All devices will be marked as shown at the right figure. The marking will consist of the Intel 
Logo, the product and package type (P8048), the 4-digit Intel pattern number (WWWW), a 
date code (XXYY), and the customer part number (Z....Z). The customer part number is 
limited to a maximum of 9 digits or spaces. 


XXYY ror 4 


pso48. = WWWW 


P8048 MARKING EXAMPLE 


FLOPPY DISK 


Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input 
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy disk 
sent should also be indicated by checking one of the appropriate boxes. Programmed EPROMs are also acceptable. 


C) Single Density CL) Double Density 


CUSTOMER PART NUMBER 


Customer P/N Floppy Disk File Name Intel Pattern Number 

(Please Fill-In) (Please Fill-In) (Please Do Not Use) 
Se oe oe ee ee ee ee a an oe oe ee a co See ee i Li 
Se ee Ok ee ee ee Gees ee ee 2 tii it.) ii fk) 2 tlLitijtiuyily 
2 es Se oe es ee Se ee Se Ltt tb 
L tpt y Ly 4 . (i+ it tt 4 ii se toch to 
re, a oe ee ae ea A m LL titi bt a a oe or oe ol oe 
l Li iy 4 6. oe Li yyy 6B CLitdirytryuryyy 
| 1 | oo 7 | l a oe e te 
Lou J ee ee 8 tLitiittti | 8 Lif Lt Li 
Se a ae oe ot ee ee ae el a oe es Se a oe oe oe or er on oe oo 
ae Sp Cae Pe ee oe ee ee a 10. Lobe py | py py js i Se ee oe ae 
oe ee ee oe ee a a ro ce a ee Se Ao Ms Co td ht 
ee ee | a oe oe oe or oe mS CLD 
ae ee oe ee a a oe a a ec Mm Ebi bt i 
a i oe ee i ae or Coe oon ew ee Cee ee ee ee me Lio tt! 
a oo oo | | | 15 | | | J | | | 6%. tt) | | [L | | | J 
ae 6. Wt i 16. LLigiuiststyyy y 
ES ae Se ee ee ee Ms Lito f tb Ld Be (odd ht 
; 18. LL L | Lig 18 LLititi tips 
Seta ea eee wm toto mm Ld dob tik 
Lr rp yyyyyyy 20. LListitrstitry s 20. LLitsiti tity 
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CUSTOMER 8355 ROM 8355 
ORDER FORM 
E 


For Intel Use Only 


Company. iPhone # 
Company Contact Date 


P.O. # Package Type: UO Plastic CL) Cerdip 


S# 


All custom 8355 orders must be submitted on this form. Programming information should 
be sent per the formats described in the Programming Instruction section of the Intel Data 
Catalog. Additional forms are available from Intel. 


MARKING 


All devices will be marked as shown at the right figure. The marking will consist of the Intel 
Logo, the product and package type (P8355), the 4-digit Intel pattern number (WWWW), a 
date code (XXYY), and the customer part number (Z....Z). The customer part number is 
limited to a maximum of 9 digits or spaces. 


XXYY Z....2 


O 
| P8355 wWwWwww 


1 
P8355 MARKING EXAMPLE 


FLOPPY DISK 


Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input 
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy disk 
sent should also be indicated by checking one of the appropriate boxes: 


CJ Single Density LJ] Double Density 


CUSTOMER PART NUMBER 


Customer P/N Floppy Disk File Name Intel Pattern Number 

(Please Fill-in) (Please Fill-In) (Please Do Not Use) 
1 ELLiptipyrtyys 1. Lid y Lt tstt | 1! Lebo ts 
2. teolid dt LA 2 Lid ttf || 2. | ae ee | uber 
& toto fit So tii a ow x | L | | jf | | 
S& tis f ji jt 4 Cll | ee ee Cs | 4. LJ | | | | | 
5B tLr_itsttit it § 5B LiL oe 5 LI Ltt 4 3 l 
SB Leb pitt B.A Rd Se (dat f d 
Fo ( Meecheads ft fd % Chbiliint itt i 7 ty [| i i ti ff 
& bot bi) bt! a oe a oe Re ee ee ee ee ee Se 2 boi 
a oe oe oe Bee Cee ee ee ee ee ee Se Lo a oe ee a es es es ee 
1 tot fbi 11 poi TO be a er oo oC en oe re ee 
ee ome ees em eee eae eee Swe ee ee ee mm tsi LLL! the Lib bof 
@ tit 1 bo) tj? titi kk i a ee oe ee 
fH wif ei 3%. (Lit.t it 1b 13. Ly Pop te te 
14, Litidti i pig 5 % Lio i Me Lb bth 
8 tblidtiyt tits 18 tbettt ti tt i) 16 tLbit i i tp iy i 
16. Lrit tpi ty is 6. Lito ek 16. = l Lj 
a oe ce eo or oe oe a ee rs or er rn ee ee, ea se | i a a Ses a CN Oe 
Te. etd 7 e.. bd hi we Lit tb fb bt) 
a or ee er ek ee oP a eo or ee ee a oo ae Ce | i oe Sr ee ee A A ee ee 
8S oo oe Se Se So eee ee a Se a ts Se ae a |e ee Ne ee Lee SO | 
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Company 
Company Contact 
P.O. # 


CUSTOMER BIPOLAR PROM 
ORDER FORM 
F 


Phone # 
Date 
Intel Device P/N 


S# 


36AA PROM 


For Intel Use Only 


All custom bipolar PROM orders must be submitted on this form. Programming informa- 
tion should be sent per the formats described in the Programming Instruction section of the 
Intel Data Catalog. Additional forms are available from Intel. 


IMPORTANT HEX AND INTELLEC HEX FORMAT INFORMATION 


A word field must be 8 bits in the hex format. Consequently for N words by 4-bit devices such as the 3625A, it is important that 
you indicate by checking the box below whether the submitted tape or card deck for programming is right or left justified. 


(J Right Justified CJ Left Justified 
MARKING 


All devices will be marked as shown at the right figure. The marking will consist of the intel 
Logo, the product and package type (D36AA), the 4-digit Intel pattern number (WWWW), a 

date code (XXYY), and the customer part number (Z....Z). The customer part number is | 
limited to a maximum of 9 digits or spaces. 


O D36AA 


XXYY WWWww 
ZZZ22Z2ZZZZZ 


1 
D36AA MARKING EXAMPLE 


FLOPPY DISK 


Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input 
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy disk 
sent should also be indicated by checking one of the appropriate boxes: 


CJ Single Density LJ Double Density 


CUSTOMER PART NUMBER 


Customer P/N Floppy Disk File Name Intel Pattern Number 


(Please Fill-In) (Please Fill-In) (Please Do Not Use) 
1. “ha 1. Lobb tele) he ‘behets ed) 
2 Coho tpi ; a oe ee ee see ee ee a es ae ee Se ee ee es ee 
3 Leh dod “: Oro en He es ee a EO oe oe ee ee oe 
4 Epi t | ij jj) Re Becks) oe el a a ae ee a a ae ye ee | 
S tole fits ae ee, ee ee ee a a sees ee) So De Se es A a 
6. Cli tbe ttt ar oe es es eae ae ee Shae Sen ee oe ee | ee ae 
pa ae se: See: Sen Oe! a OC For Lobe hh td ae oe es (ee ee oe oe ee 
ih oe oo oe ee eS BS. “Loh hh a oe oe See a a ee ee a 
B.° Lid fd ee Oem (oe ae Sew es ea a oe oo ee oe 
|: a oe ee ee Oe el ee ee ]. tothe Li a 
Th bite bP 11, LL ee a ee oe oo ee ek oe ee 
T2. ~ Loh hh td 12... bob bt W2, det ty 
13. Litt ti tt tt | 13... 4 bt oa 13. Lett bik fy 
4 (bet i Do 14 tbLtisvpetit | 14. Vt bk i i 
%. Leb bb ft te Cob dt Te. { Liab tt dh 
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CUSTOMER 8021 ROM 
ORDER FORM 
I 


Phone No. For Intel Use Only 


Company 


Company Contact ___—ssCsCSsss(SSCSCOO ttle’ 


P.O. No, ___——ss—CsC‘CsC‘(CSCSCSCSC(CSsSSsSSSSSSSSSs- Package Type: OPlastic O Cerdip 


All custom 8021 orders must be submitted on this form. Programming information should be 
sent in the form of floppy disk. programmed 8748, paper tape or punched cards. Additional 
forms are available from Intel. 


MARKING 


All devices will be marked as shown at the right figure. Yhe marking will consist of the Intel P8021 


Logo, the product and package type (P8021), the 4-digit Intel pattern number (WWWW), a i 
date code (XXYY), and the customer part number (Z....Z). The customer part number is 
limited to a maximum of 9 digits or spaces. 


XXYY 


P8021 MARKING EXAMPLE 


CUSTOMER PART NUMBER 


Customer P/N intel Pattern Number 
(Please Fill-In) (Please Do Not Use) 
ne ae ee ee ee ee ee ee ee oe ee ee oe 


1/O Mask Options 
Specify the desired connection for each |/O line on Port O and for the T1 input by marking only one box for each pin. 


OPTIONAL PULLUP RESISTOR 


Port 0: 
Option 1 deletes the pullup resistor on the I/O line 
providing true open drain outputs. 


_— 


> 


Option 2 includes the pullup resistor on the !/O line | 
providing a quasi-bidirectional line. 


T1: 7 
Option 1 deletes the pullup resistor for use as a zero 
cross detection input. OPTIONAL PULLUP RESISTOR 


Option 2 includes the pullup resistor for use with an 
external switch or standard TTL. 


_ 
oO co 


—_ 
oh 


2 
ais iol 
ae as 
me 
ae 
a ane 
eee 
saa 
mak 
a 


=_ 
WwW 
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CUSTOMER 8022 ROM 
ORDER FORM 
J 


Company Phone No. For Intel Use Only 
Company Contact iene Date 


P.O.No.. = = CéPackage Type: CO Plastic (I Cerdip 


All custom 8022 orders must be submitted on this form. Programming information should 
be sent in the form of floppy disk, programmed 8755, paper tape or punched cards. 
Additional forms are available from Intel. 


MARKING 


All devices will be marked as shown at the right figure. Tne marking will consist of the Intel 
Logo, the product and package type (P8022), the 4-digit Intel pattern number (WWWW), a 
date code (XXYY), and the customer part number (Z....Z). The customer part number is 
limited to a maximum of 9 digits or spaces. 


P8022 MARKING EXAMPLE 
CUSTOMER PART NUMBER 
Customer P/N Intel Pattern Number 
(Please Fill-in) (Please Do Not Use) 
a ee a oe ee oe oe es ee ee a ee ee 
1/O Mask Options 


Specify the desired connection for each I/O line on Port 0 and for the T1 input by marking only one box for each pin. 


OPTIONAL PULLUP RESISTOR 
OPTION dail | | 
4 2 Option 1 deletes the pullup resistor on the 1/O line 
POO 10 rd providing true open drain outputs. 
Option 2 includes the pullup resistor on the I/O line 
providing a quasi-bidirectional line. | 
Tt = 
Option1 deletes the puilup resistor for use as a zero 
cross detection input. 
OPTIONAL PULLUP RESISTOR 


Option 2 includes the pullup resistor for use with an 
external switch or standard TTL. 
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PROGRAMMING INSTRUCTIONS SECTION 


ll. MOS EPROMs 
A. Erasure Procedure 


As stated in the EPROM related data sheets, the recommended erasure procedure to use with EPROMs is to illuminate the 
window with a UV lamp which has a wavelength of 2537 Angstroms (A). The data sheets specify a distance of 1 inch and 
erase times of 10—45 minutes, depending on the type of UV lamp. Actually, the amount of time required to erase a device 
can be concisely stated in terms of the amount of UV energy incident to the window, expressed in Watt-seconds per square 
centimeter (W-sec/cm2). The specified 15W-sec/cm2 erase energy includes a guardboard to ensure complete erasure of all bits. 
/t is not sufficient to monitor “first bit’ erasure to determine erasure time, as some other bits in the array may not be erased. 


A1. UV Sources 


There are several models of UV lamps that can be used to erase EPROMs (see Table 1V). The model numbers in the table refer 
to lamps manufactured by Ultra Violet Products of San Gabriel, California. In addition, there are several other manufacturers, 
including Data 1/O (Issaquah, Wash.), PROLOG (Monterey, Calif.), Prometrics (Chicago, IIl.), Spectronics Corp. (Westbury, 
N.Y.), and Turner Designs (Mt. View, Calif.). The individual manufacturers should be consulted for detailed product descrip- 
tions. Also shown in the table are typical erase times for various combinations of Intel PROMs and lamp intensities. 


Table IV. 


Minimum Erase Time for Indicated Dosage 
Without a Filter Over the Bulb 


Power Rating 15 W-sec 
All Intel EPROMs 
or EPROMs with 1/O 
Ports 


13000 pW/cm> 19.2 min 


12000 pW/cm? 20.7 min 
12000 uW/cm? 20.7 min 
5700 uW/cm? 43.8 min 
5500 uW/cm? 45.6 min 


According to the manufacturers, the output of the UV lamp bulbs decrease with age. The output of the lamp should be 
verified periodically to ensure that adequate intensities are maintained. If this is not done, bits may be partially erased which 
will interfere with later programming and/or operation at high temperature. 


For lamps other than those listed, the erase time can be determined by using a UV intensity meter, such as the Ultra Violet 
Products Model J-225. When a meter is used, the intensity should be measured at the same position (distance from the lamp) 
as the EPROMs to be erased. This will require careful positioning to insure that the sensor will receive the same amount of 
UV light that the window of the EPROM will receive. 


The sensors used with most UV intensity meters show reduced output with constant exposure to UV light. Therefore, they 
should not be permanently placed inside the erasure enclosure, they should only be used for periodic measurements. 
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B. 2716 Programming 


Initially, and after each erasure, all bits of the 2716 are in the ‘‘1” state. Information is introduced by selectively program- 
ming ‘‘0” into the desired bit locations. A programmed “‘0” can only be changed to a “1” by UV erasure. 


The 2716 is programmed by applying a 50 ms, TTL programming pulse to the CE/PGM pin with the OE input high and the 
Vpp supply at 25V +1V. Any location may be programmed at any time-either individually, sequentially, or randomly. The 
programming time for a single bit is only 50 ms and for all bits is approximately 100 and 50 seconds for the 2716. The 
detailed programming specifications and timing waveforms are given in the following tables and figures. 


CAUTION: The Vcc and Vpp supplied must be sequenced on and off such that Vcc is applied simultaneously or before 
Vpp and removed simultaneously or after Vpp to prevent damage to the 2716. The maximum allowable voltage 
during programming which may be applied to the Vpp with respect to ground is + 26V. Care must be taken 
when switching the Vpp supply to prevent overshoot exceeding the 26-volt maximum specification. For 
convenience in programming, the 2716 may be verified with the Vpp supply at 25V +1V. During normal read 
operation, however, Vpp must be at Vcc. 


2716 PROGRAM CHARACTERISTICS ) 


Ta = 25°C +5°C, Vec!2) = 5V +5%, Vpp!2.3) = 25v +1V 
D.C. Semen cr en Characteristics 


cm Vpp Supply Current During ‘CE/PGM = Viy 
Programming Pulse 
lec | VecSupply Current | 
es a v i Soc ae 


Vcc Supply Current 
Input Low Level 


Input High Level! 


A.C. Programming Characteristics 


eae LS 32) 
Tas | Aaa Sep Tine 

| ac Soe! See oes SON 
i 


Data Hold Time 


fen Output Enable to Output Float Delay 


es ee 
| Output Enable toOurput Delay ||| 120 
Bal a GE i id 
i oe eee 
Le ae 


Program Pulse Rise Time 
Program Pulse Fall Time 


NOTES: 1. Intel's standard product warranty applies only to devices programmed to specifications described herein. 


2. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp, The 2716/2758 must not be 
inserted into or removed from a board with Vpp at 25 +1V to prevent damage to the device. 


3. The maximum allowable voltage which may be applied to the Vpp pin during programming is +26V. Care must be taken when 
switching the Vpp supply to prevent overshoot exceeding this 26V maximum specification. 
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A.C. Conditions of Test: 


Wiis 1294520 ieossonvaeiebeneeashuenaeanee 5V+5% input Pulse LOVElS.....0seanvcaracsans ss 0.8V to 2.2V 
i ee ee ee ee eS ee ee er 25V+1V Input Timing Reference Level.............. 1V and 2V 
Input Rise and Fall Times (10% to 90%)......... 20 ns Output Timing Reference Level........... 0.8V and 2V 


PROGRAMMING WAVEFORMS 
Vpp = 25V +1V, Voc = 5V +5% 


PROGRAM 


PROGRAM VERIFY 


ADORESSES 4 ADDRESS N \ ADORESS N+m 


DATA IN DATA OUT OATAIN 
DATA b { STABLE b VALID STABLE 


ADO.N 


AOO.N ADD. N+m 


‘or toe 'or 
(0 12 MAX) (0 12 MAX) (0.12 MAX) 


'os ‘pw L'OH 
(2) (45 ms) (2) _ 


= 


NOTE ALL TIMES SHOWN IN PARENTHESES ARE MINIMUM TIMES ANO ARE USEC UNLESS OTHERWISE NOTED 


C. 2732 Programming 


tOES 
(2) 


CE/PGM 


Initially, and after each erasure, all bits of the 2732 are in the ‘‘1"’ state. Data is introduced by selectively programming ‘‘0’s”’ 
into the desired bit locations. Although only ‘‘0’s’’ will be programmed, both ‘'1’s’’ and ‘’0’s’’ can be presented in the data 
word. The only way to change a ‘‘0” toa ‘’1”’ is by ultraviolet light erasure. 


The 2732 is in the programming mode when the OE/Vpp input is at 25V. It is required that a 0.1 wF capacitor be placed 
across OE/Vpp and ground to suppress spurious voltage transients which may damage the device. The data to be programmed 
is applied 8 bits in parallel to the data output pins. The levels required for the address and data inputs are TTL. 


When the address and data are stable, a 50 msec, active low, TTL program pulse is applied to the CE input. A program pulse 
must be applied at each address location to be programmed. You can program any location at any time—either individually, 
sequentially, or at random. The program pulse has a maximum width of 55 msec. The 2732 must not be programmed with a 
DC signal applied to the CE input. 


Programming of multiple 2732s in parallel with the same data can be easily accomplished due to the simplicity of the pro- 
gramming requirements. Like inputs of the paralleled 2732s may be connected together when they are programmed with the 
same data. A low level TTL pulse applied to the CE input programs the paralleled 2732s. 


Program Inhibit 


Programming of multiple 2732s in parallel with different data is also easily accomplished. Except for CE, all like inputs 
(including OE) of the parallel 2732s may be common. A TTL level program pulse applied to a 2732's CE input with OE/Vpp 
at 25V will program that 2732. A high level CE input inhibits the other 2732s from being programmed. 


Program Verify 


A verify should be performed on the programmed bits to determine that they were correctly programmed. The verify is 
accomplished with OE/Vpp and CE at V), . Data should be verified tpy after the falling edge of CE. 
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A.C. CONDITIONS OF TEST 


Input Rise and Fall Times (10% to 90%)......... 20 ns 
Input Pulse Levels...................005 0.8V to 2.2V 
Input Timing Reference Level.............. 1V and 2V 
Output Timing Reference Level........... 0.8V and 2V 
PROGRAMMING"! 


D.C. PROGRAMMING CHARACTERISTICS: T,= 25 +5°C, Voc =5V +5%, Vpp=25V +1V 


A.C. PROGRAMMING CHARACTERISTICS: T,=25 +5°C, Voc =5V +5%, Vpp=25V +1V 


Address | Address Setup Time Address SetupTime = sid us| 


- we [OE OE 
tpw CE Pulse Width During Programming eet 
tert OE Pulse Rise Time During Programming 


Note: 1. When programming the 2732, a 0.1 uF capacitor is required across OE/Vpp and ground to suppress spurious voltage transients which may 
damage the device. 
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PROGRAMMING WAVEFORMS 


ADDRESSES 


DATA 


Vpp 


OE/Vpp 


tert 
(0.05) 


PROGRAM in tay 
tas_ 
(2) 
( DATA IN STABLE \ HiZ / DATA OUT VALID \ 
ADD. N ADD.N 
_ ‘os tov 
[2] {1] 


toes 
{2] 


1. ALL TIMES SHOWN IN () ARE MINIMUM AND IN »SEC UNLESS OTHERWISE SPECIFIED. 
2. THE INPUT TIMING REFERENCE LEVEL IS 1V FOR A Vy, AND 2V FOR A Vy. 


D. 2732A Programming 


The 2732A is programmed exactly as the 2732 except that Vpp = 21V + 0.5V. 
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PROGRAMMING WAVEFORMS 


PROGRAM 


' 


tas 
[2] 


ATA 4 DATA IN STABLE ) 
D ADD. N 
tos 
{2] 
Vpp 
OE/Vpp 
Vit toes tpw ‘OEH 
[2] (45ms) {2] 
tert 
(0.05) 
Vin 
CE 
Vit 


PRELIMINARY 


PROGRAM 
VERIFY 


fi DATA OUT VALID 

ADD. N 
tov 
[1] 


tvr 
[2] 


1. ALL TIMES SHOWN IN () ARE MINIMUM AND IN »pSEC UNLESS OTHERWISE SPECIFIED. 
2. THE INPUT TIMING REFERENCE LEVEL IS 1V FORA V,, AND 2V FOR A Vy. 


E. 2764 Programming 


Programming is the same as Intel’s 2732A except that OE/Vpp 
is not multiplexed. They have separate pins. Like the 2732A, 
exceeding 21.5V will damage the 2764. 


Initially, and after each erasure, all bits of the 2764 are in the 
‘“1’’ state. Data is introduced by selectively programming 
‘‘Os’’ into the desired bit locations. Although only ‘‘Os”’ will be 
programmed, both ‘‘1s” and ‘‘Os’’ can be present in the data 
word. The only way to change a ‘‘0”’ to a‘‘1” is by ultraviolet 
light erasure. 


The 2764 is in the programming mode when Vpp input is at 21V 
and CE and PGM are both at TTL low. The data to be pro- 
grammed is applied 8 bits in parallel to the data output pins. 
The levels required for the address and data inputs are TTL. 
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For programming, CE should be kept TTL low at all times 
while Vpp is kept at 21V. When the address and data are stable, 
a 50 msec, active low, TTL program pulse is applied to PGM 
input. A program pulse must be applied at each address 
location to be programmed. You can program any location at 
any time—either individually, sequentially, or at random. The 
program pulse has a maximum width of 55 msec. 


Programming of multiple 2764s in parallel with the same data 
can be easily accomplished due to the simplicity of the pro- 
gramming requirements. Like inputs of the paralleled 2764s 
may be connected together when they are programmed with 
the same data. Alow level TTL pulse applied to the PGM input 
programs the paralleled 2764s. 


2764 PRELIMINARY 


PROGRAMMING 
D.C. PROGRAMMING CHARACTERISTICS: T, = 25 +5°C, V., = 5V +5%, Vpp = 21V +0.5V (see Note 1) 


Limits 
Parameter " Test Conditions 


Output Low Voltage During Verify Lott lo = 2.1 MA 


A 
V —_ 
Output High Voltage During Verify lon = — 400 pA 
i mA 


Vec Supply Current (Active) | mA 
Input Low Level (All Inputs) 
Input High Level 


Vpp Supply Current 


OL 
CE = Vie = PGM 


A.C. PROGRAMMING CHARACTERISTICS: T, = 25 +5°C, Vo, = 5V +5%, Vpp = 21V +0.5V (See Note 1) 


Parameter : Test Conditions* 


Address Setup Time 
OE Setup Time 
Data Setup Time 
Address Hold Time 


Chip Enable to Output Float Delay 


Vep Setup Time 


*A.C. CONDITIONS OF TEST 


Input Rise and Fall Times (10% to 90%).......... 20ns 
Input Pulse Levels ..................000. 0.8V to 2.2V 
Input Timing Reference Level .............. 1V and 2V 
Output Timing Reference Level ......... 0.8V and 2.0V 


NOTE: 1. V., must be applied simultaneously or before V,, and removed simultaneously or after Vp, 
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2764 PRELIMINARY 


PROGRAMMING WAVEFORMS 


PROGRAM 
VERIFY 


Vie 


bg 
[2] tin 


PROGRAM 


HiZ DATA OUT VALID 
ADD. N 


DATA L__ DATA | IN | STABLE } 


1. ALL TIMES SHOWN IN [_ ] ARE MINIMUM AND IN «SEC UNLESS OTHERWISE SPECIFIED. 
2. THE INPUT TIMING REFERENCE LEVEL IS 1V FOR A V,, AND 2V FORA V,,. 
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Bipolar PROM Programming 


1. A SmA current must be forced into the output to be programmed by a current source. The current source must be 
clamped to Vcc by a silicon diode. Ail the other inputs must be floating until it is their turn for programming. The Voc 
power supply and the chip select (CS) input is pulsed as shown in Figures 1 and 2. The width of Vog is linearly 
increased from 0.2us to 8us according to the ramp time shown in Figure 3. The total ramp time for a group of four 
Outputs is 180ms for a group of eight outputs. 


The Vcc program pulses are multiplexed during a cycle time to the outputs of the word to be programmed. The cycle 
time (tcyc) between the Vcc program pulses to the same output will increase as the Vocg program pulse width 
increases from 0.2us to 8ys. The time (tp) between Voc pulses of two different outputs is constant at 1.8yus. 


. All outputs must be continuously monitored for programming verification. This verification must occur after Voc has 
been at 4.5V for 90% of tp and prior to Voc rising to 12.5V. The program/verification cycles must still be applied (with 
the pulse width still linearly increasing to a maximum of 8us) even though the output has been sensed as being 
programmed. An additional 128 verifications (i.e., 128 program/verify cycles) on each output must be obtained to 
insure a correctly programmed output. This additional 128 verification is a minimum number and must occur after all 
the bits of the word are sensed as being programmed. Please refer to Figure 1 for the timing waveforms. 


More than 128 program/verify cycles may be required to achieve the 128 verifications on each bit. The cycles should 
still continue even if one bit fails, since the verifications are not required to be in consecutive sequence. After the 128 
verifications have occurred for all bits, a final Voc and CS pulse at a width of 2.5ms is simultaneously applied to all 
Outputs that are being programmed. Programming should cease if the 128 verifications are not achieved in 800ms. 


. A 4mA+50% Icg current must also be forced into an appropriate chip select. Ics is forced into CS, (pin 18) of 
3604A/3624A, CS, (pin 10) of 3625A, CS; (pin 19) of 3628, and CS, (pin 19) of 3636. The 4mA current into the chip select 
input may be easily accomplished by using a 1.2K resistor connected to a + 15V power supply. The voltage on the chip 
select input will be approximately 10V with the 1.2K resistor. 


. The loc source used for programming should be able to supply 600mA during Vy. 


ie) 


Go 


> 


Table V. Programming Characteristics 
Ta = 25°C 


Symbol Parameter Conditions 


Vind Vcc Program Pulse Amplitude 


Vin2 CS Program Pulse Amplitude 


ae 
=| 
= 
E 
3 
= 
wn 


Vind Vec During Verify 


> 
NO — 
o| M! wm 
= 
=_, 
om] 
wn 
—, 
Gd 


ViH2 


oO; + 
NM | w& 
o| 
Pian 

< 


cs During Verify 


Vcc Pulse Width at Beginning 
of Pulse Train 
tpw2 Vcc Pulse Width at End of Pulse ta 
Train 
Tess Chip Select Setup Time 


TcsH Chip Select Hold Time 


tT. Vc Fall Time 200 | ns | Measured from 12V to 5V on Vcc 


Teyce Time Between Pulses to Same Us Measured at 5V on Vcc 
Output 
Top DC Program Time After Verifica- Due 2.0 Measured at 12V 
tion Has Been Obtained 
Tp Time Between Vcc Pulses to 
Successive Outputs 
TRAMP Time During Which Vcc 
Pulse Width is Increased 4 outputs 180 200 


8.8 Ms Measured at 12V 


200 240 Measured at 12V 
Measured from 1.5V on rising edge 
of CS to 5.0V on rising edge of Vcc 


ns Measured from 5.0V on falling edge _ 
of Vcc to 1.5V on falling edge of CS 


ns Measured from 5V to 12V on Vcc 


2.5 


nn 


Measured at 5V on Vcc 


iv 


Linearly from tpyw to 
tpw2 8 outputs 


3 
> 


les Chip Select Input Current (See 2 Ics should be generated using a 
Programming Instruction 3 for 1.2K resistor from a 15V power 
Details) | supply 
NOTE: 1. The minimum Vj, 41 for the 3604AL (low power) is 4.5V 9-73 


+ —_———— ‘eye ——__-e} = to-m| coal eye eb — tore 
(NOTE 2) 


(SEE FIG. 2 FOR DETAILS) 
12.5V 
Vec 
4.5V 
_ 23V 
cs 
<0.8V 


=10V 
OUTPUT 1 ~=5V 
0.45V (MAX) 2 
PROGRAMMED 0 (NOTE 1) 


=10V 
OUTPUT2 =5V JL JL, 


0.45V (MAX) Ss 


PROGRAMMED O (NOTE 1) 
=10V 


0.45V (MAX) 
PROGRAMMED 0 (NOTE 1) 
Figure 1. Programming Cycles. 
NOTES: 1. PROGRAM VERIFICATION MUST OCCUR AFTER Vcc HAS BEEN AT 4.5V FOR 90% OF tp AND PRIOR TO Vcc RISING TO 12.5V 
THE PROGRAMMED OUTPUT IS <0.45V WHEN CS <0.8V AND FLOATING WHEN CS > 3V. 
2. AFTER THE LAST BIT HAS BEEN PROGRAMMED, 128 ADDITIONAL VERIFICATIONS ARE REQUIRED FOR EACH OUTPUT TO 
BE CORRECTLY PROGRAMMED. 
3. AFTER THE 128 PROGRAM VERIFICATIONS, A FINAL 2.5 ms Vcc AND CS PULSE SHOULD BE APPLIED WHILE SIMULTANEOUSLY 
ENABLING THE CURRENT SOURCES TO ALL OUTPUTS WHICH ARE TO BE PROGRAMMED. 
tcyc 
tpw tr te 
12.5V 
12V 12V 
Vcc 
5V 5V 5V 5V 5V 
4.5V 
tp to 
‘css t<0 ns 'CSH 
23V rT: 
a 1.5V 
ov 
=10V 
OUTPUT 1 
=5V 
UNPROGRAMMED BiT 
=10V 
OUTPUT 2 
=5V SS ee ree ee rem ae Ae cE REE EY Se mar 
=10V 
OUTPUT N 


© GN arama ceenammanan stance cuensonmeramear neces cant rm, ur ener nee wet ermm 
Figure 2. Programming Cycle Details . 
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(a) RAMP TIME IN PROGRAMMING 8B OUTPUTS 
(b) RAMP TIME IN PROGRAMMING 4 OUTPUTS 


‘pw ‘pw 


Vcc PROGRAMMING PULSE WIDTH (us) 
Vcc PROGRAMMING PULSE WIDTH (us) 


100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800 
PROGRAMMING ELAPSED TIME (ims) PROGRAMMING ELAPSED TIME (ms) 


Figure 3. Vcc Pulse Width vs. Programming Time. 
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BPK72 
BUBBLE STORAGE PROTOTYPE KIT 


= One BPK70 1 Megabit Bubble Storage =» Blank 10 cm x 10 cm PC Board for 
Subsystem Assembly 


# One 7220 Controller =» Complete with Accessories and 
Documentation for Prototyping 


BPK72 prototype kit contains the necessary components, accessories and documentation required to builda 
1 megabit bubble storage prototype system with minimum design effort. Application information on system 
interconnections is included. 


BPK72 


ORDERING INFORMATION 


Order Code Description” 


BPK72-0 0-50°C 1 Megabit Storage System Prototype Kit 


BPK72-1 0-70°C 1 Megabit Storage System Prototype Kit 
BPK72-2 10-50°C 1 Megabit Storage System Prototype Kit 


ITEMS IN KIT 


BPK72 User’s Manual 121685 
Blank Printed Circuit Board IMB-72 
Socket for 7110 7904 
Seed Module 7901 
VMOS Transistor 7902 
Solder Tip 7903 
Dummy Module 7900 
7220 Bubble Memory Controller 
7230 
7242 
7250 
2 x 7254 


Current Pulse Generator 


Dual Formatter/Sense Amp 


Coil Pre-Driver 
Quad VMOS Drive Transistors 
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AFN-01787A 


intel 
BPK70 
1 MBIT BUBBLE STORAGE SUB-SYSTEM 


# Contains Components for Production of # One 7250 Coil Pre-Driver 
1 MBit Bubble Storage Sub-System 


= Two 7254 Quad VMOS Drive Transistors 
= One 7230 Current Pulse Generator 


=» One 7110 1 MBit Bubble Memory 
=» One 7242 Dual Formatter/Sense 


Amplifier 
#» One 7904 Socket for 7110 


TO 7220 
8080 BUBBLE 
8085 a MEMORY 
8086 CONTROLLER 


8088 (BMC) 


TO 
ADDITIONAL 
BPK70’s 
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BPK70 


ORDER INFORMATION 


BPK70-0 0-50°C 1 MBit Bubble Storage Sub-System 


BPK70-1 0-70°C 1 MBit Bubble Storage Sub-System 
BPK70-2 10-50°C 1 MBit Bubble Storage Sub-System 
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= ® PRELIMINARY 
intel 7110 


1 MEGABIT BUBBLE MEMORY 


10-50°C 


= 1,048,576 Bits of Usable Data Storage = Block Replicate for Read; Block 
Swap for Write 


= Single Chip 20-Pin Dual In-Line 
Leadless Package and Socket 


= Non-Volatile, Solid-State Memory 


= True Binary Organization — 512 Bit 
Page and 2048 Pages 


a Major Track — Minor Loop Architecture @ Small Physical Volume 


= Redundant Loops with On-Chip Loop = Low Power per Bit 


Map and Index = Maximum Data Rate 100 Kbit/sec 


The Intel Magnetics 7110 is a very high density 1 megabit non-volatile, solid-state memory utilizing the magnetic bub- 
ble technology. The usable data storage capacity is 1,048,576 bits. The defect tolerant design incorporates redundant 
storage loops. The gross capacity of Intel Magnetics bubble memory is 1,310,720 bits. 


The 7110 has a true binary organization to simplify system design, interfacing, and system software. The device is 
organized as 256 data storage loops each having 4096 storage bits. When used with Intel Magnetics complete family of 
support electronics the resultant minimum system is configured as 128K bytes of usable data storage. The support 
circuits also provide automatic error correction and transparent handling of redundant loops. 


The 7110 has a major track-minor loop architecture. It has separate read and write tracks. Logically, the data is organ- 
ized as a 512 bit page with a total of 2048 pages. The redundant loop information is stored on-chip in the bootstrap loop 
along with an index address code. When power is disconnected, the 7110 retains the data stored and the bubble 
memory system is restarted when power is restored via the support electronics under software control. 


The 7110 is packaged in a dual in-line leadless package complete with permanent magnets and coils for the in-plane 
rotating field. In addition, the 7110 has a magnetic shield surrounding the bubble memory chip to protect the data from 
externally induced magnetic fields. 


The 7110 operating data rate is 100 Kbit/sec. The 7110 can be operated asynchronously and has start/stop capability. 


7250 
COIL PREDRIVER 


TO 
ADDITIONAL 


Block Diagram of Single Bubble Memory System — 128K Bytes 
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7110 


PRELIMINARY 


PULSE.COM(+12V)C_9 
REPLICATE.BC 4 
REPLICATE.AC_J 

BOOT.REPC_) 
BOOT.SWAPC__) 


_—_] DET.SUPPLY (+12V) 
—} DET.OUT.A+ 

_—__} DET.OUT.A- 

———_] DET.OUT.B+ 

16|( J DET.OUT.B- 

___} DET.COM 

14|-_ J SWAP B 

—_] SWAP A 

-—J ¥+.COIL.IN 

P——] Y-.COIL.IN 


7110 
INTEL MAGNETICS 


BUBBLE MEMORY 
GENERATE.A C__) 


GENERATE.BC_ 
X - COIL.INC__] 
X+COIL.INC 


OOn omnes WADA — 


o 


_ 


NOTE THAT PINS 13 AND 14 SHOULD BE EXTERNALLY CONNECTED. 


PIN CONFIGURATION 


GENERAL FUNCTIONAL DESCRIPTION 


The Intel Magnetics 7110 is a 1 megabit bubble memory 
module organized as two identical 512K binary half sec- 
tions. See Major Track-Minor Loop architecture diagram. 
Each half section is in turn organized as two 256K 
subsections referred to as quads. 


The module consists of a bubble die mounted in a 
substrate that accommodates two orthogonal drive 
coils that surround the die. The drive coils produce a 
rotating magnetic field in the plane of the die when they 
are excited by 90° phase shifted triangular current 
waveforms. The rotating in-plane field is responsible for 
bubble propagation. One drive field rotation propagates 
all bubbles in the device one storage location (or cycle). 
The die-substrate-coil sub-assembly is enclosed in a 
package consisting of permanent magnets and a shield. 
The shield serves as a flux return path for the permanent 
magnets in addition to isolating the device from stray 
magnetic fields. The permanent magnets produce a bias 
field that is nearly perpendicular to the plane of the die. 
This field supports the existence of the bubble domains. 


The package is constructed to maintain a 2.5 degree tilt 
between the plane of the bias magnet faces and the 
plane of the die. This serves to introduce a small com- 
ponent of the bias field into the plane of the die. During 
operation when the drive coils are energized this small 
in-plane component is negligible. During standby or 
when power is removed the small inplane field ensures 
that the bubbles will be confined to their appropriate 
storage locations. The direction of the in-plane field in- 
troduced by the package tilt (holding field) is coincident 
with the 0° phase direction of the drive field. 


Quad Architecture 


A 7110 quad sub-section is composed of the following 
elements shown on the architecture diagram. 


1) Storage Loops 
Eighty identical 4096 bit storage loops provide a total 
maximum capacity of 327,680 bits. The excess stor- 
age is provided for two purposes: a) it allows a redun- 
dancy scheme to increase device yield; and b) it pro- 
vides the extra storage required to implement error 
correction. 
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3) 
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6) 


Replicating Generator (GEN) 
The generator operates by replicating a seed bubble 
that is always present at the generator site, (GEN). 


Input Track and Swap Gate 

Bubbles following generation are propagated down 
an input track. Bubbles are transferred to/from the in- 
put track from/to the 80 storage loops via series con- 
nected swap gates spaced every four propagation 
cycles along the track. The swap gate’s ability to 
transfer bubbles in both directions during an opera- 
tion eliminates the overhead associated with remov- 
ing old data from the loops before new data can be 
written. The swap gate is designed to function such 
that the logical storage loop position occupied by the 
bubble transferred out of each loop is filled by the 
bubble being transferred into each loop. Transferred 
out bubbles propagate down the remaining portion of 
the input track where they are dumped into a bubble 
bucket guard rail. 


Output Track and Replicate Gate 

Bubbles are read out of the storage loops in a non- 
destructive fashion via a set of replicate gates. The 
bubble is split in two. The leading bubble is retained 
in the storage loop and the trailing bubble is trans- 
ferred onto the output track. Replicate gates are 
spaced every four propagation cycles along the out- 
put track. 


Detector 

Bubbles, following replication, are propagated along 
the output track to a detector that operates on the 
magneto-resistance principle. The cylindrical bubble 
domains are stretched into long strip domains by a 
chevron expander and are then propagated to the ac- 
tive portion of the detector. The detector consists of 
a stack of interconnected chevrons through which a 
current is passed. As the strip domain propagates 
through the stack, its magnetic flux causes a frac- 
tional change in stack resistance which produces an 
output signal on the order of a few millivolts. The 
strip domain following detection is propagated to a 
bubble bucket guard rail. A “dummy” detector stack 
sits in the immediate vicinity. It is connected in 
series with the active de.ector and serves to cancel 
common mode pickup which originates predominate- 
ly from the in-plane drive field. 


Boot Loop, Boot Swap, and Boot Replicate 

One of the two juads in each half chip contains a 
functionally active Boot Storage Loop. This loop is 
used to store: 


a) A loop mask code that defines which loops 
within the main storage area should be accessed. 
Faulty loops are ‘masked out” by the support 
electronics. 

b) A synchronization code that assigns data ad- 
dresses (pages) to the data in the storage loops. 
Since bubbles move from one storage location to 
the next every field rotation, the actual physical 
location of a page of data is determined by the 
number of field rotations that have elapsed with 
respect to a reference. 


7110 PRELIMINARY 


The boot loop is read from and written into via the same 
input and output tracks as the main storage loops. 
However, it has independently accessed swap and repli- 
cate gates. The boot swap, under normal circum- 
stances, is intended only to be used during basic _in- 
itialization at the factory at which time loop mask and 
synchronization codes are written. The boot replicate is 
intended to be accessed every time power is applied to 
the bubble module and its peripheral control elec- 
tronics. At such a time, the control electronics would 
read and store the mask information, plus utilize the 
synchronization information to establish the location of 
the data circulating within the loops. 


10.92 + 0.13 43.18 + 0.56 


oe ‘= 1.700 + 022 
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p> 
| 
L 
<—<— 


1.680 + .020 
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PIN 1 ee © 
+0.38 


37.59 - 0.13 a = 2:79 


1.480 + .015 nN 
005 


DUMMY 
BRIDGE OUTPUT \e rin 
“* = 
— po 
SSS “LY 
Eee oe DETECTOR EVEN)” 
. “K//3=— DETECTOR (ODD) 
OUTPUT TRACK OUTPUT TRACK 
aes 
Si oc) 
Y one -2 GATE i oes he \ REPLICATE 
Vj y, | V7 y 
YY 3 @ UY Y. 37 @ GY 
YY 2Y 5 GO "Wy 
YW 1% AGZ UY & YY & FAGY 
YY 8 8 V3 " GORY SY 
g oY GYIN GI 4G 
1 ee S|; 1 aegar 
jf, 1098 BITSILOOP YY 9 UY YG 4o96-BiTsiLoop Gy 
YY yy YY yy 
YY Uy; Yj V7 
V7 y Vy yj 
YW y Vy yj 
YY Yi YY YY 
WAP ccitieeesece! ae 
\Z GATE 
Gen) INPUT TRACK (ODD QUAD) Gen) INPUT TRACK (EVEN QUAD) 


MAJOR TRACK-MINOR LOOP ARCHITECTURE OF 7110 (ONE HALF SHOWN). 
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51.82 
2.040 
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085 


HEAT STAKING PINS 


POLYESTER 94V-0 THROUGH PLATED 
Ss 


HOLE 


ON SOLDER TAIL 
SIDE OF PC BOARD 
KEEP CLEAR OF 
RECOMMENDED ELECTRICAL LINES 
P.C. BOARD PREPARATION ASS'Y TOOL MAY 
CONTACT THESE 
AREA 


SOCKET OUTLINE 


PIN DESCRIPTION 


BOOT.REP (Pin 4) 
Two-level current pulse input for reading the boot loop. 


BOOT.SWAP (Pin 5) 


Y—.COIL.IN, Y+.COIL.IN (Pins 11, 12) 
Terminals for the Y or outer coil. 


ABSOLUTE MAXIMUM RATINGS* 


Single-level current pulse for writing data into the boot Ambient Operating Temperature ............... 0-70°C 
loop. This pin is normally used only in the manufacture Prerative FAURUGHY sssccndacdc sevsvenassvev tan nens 95% 
of the MBM. Non-Volatile Storage Temperature ..... —40 to + 100°C 
Shelf Storage Temperature (Data 
DET.COM (Pin 15) Integrity Not Guaranteed) ......... —65°C to +150°C 
Ground return for the detector bridge. Voltage Applied to DET.SUPPLY 
DET.OUT (Pins 16 through 19) or PULSE.COM WETTTerei Cr CTT Tees irises 14 Volts 
Differential pair (A+, A— and B+, B—) outputs which Continuous Current between 
have signals of several millivolts peak amplitude. PULSE.COM and Inputs ..................06, 10 mA 
Continuous Current between DET.COM and 
DET.SUPPLY (Pin 20) Detector Outputs 2.27.05 55 20 )o8s. awe eee sees: 10 mA 
+12 volt supply pin. Cl GUETONES oc cae dcw eeweee eo Uren chav eed oes 0.5A D.C. 
External Magnetic Field for 
GENS end GENE (Pine 7, &) 7 Non-Volatile Storage ................... 40 Oersteds 
Two-level current pulses for writing data onto the input Non-Operating Handling Shock 
track. (WILNOUT SOCKOU Pots vane pace nen bva anew esennees 200G 
PULSE.COM (Pin 1) Operating Vibration (2 kHz to 2 kHz 
With SOOKE 46 win Se Pie etek Metanacs ed neee es os 20G 


+12 volt supply pin. 


REP.A and REP.B (Pins 3 and 2) 

Two-level current pulses for replicating data from 
storage loops to output track. 

SWAP.A and SWAP.B (Pins 13, 14) 

Single-level current pulse for swapping data from input 
track to storage loops. 

X—.COIL.IN, X+.COIL.IN (Pins 9, 10) 

Terminals for the X or inner coil. 


*COMMENT: Stresses above those listed under “Ab- 
solute Maximum Ratings’ may cause permanent 
damage to the device. This is a stress rating only and 
functional operation of the device at these or any other 
conditions above those indicated in the operational sec- 
tions of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended 
periods may affect device reliability. 
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D.C. AND OPERATING CHARACTERISTICS 
Ix = 25°C 


Symbol Parameter 


er 
Re | Resistance: PULSE.GOMto BOOTREP | «| 8 
Ra | Resistance: PULSE.GOM to BOOTSWAP |__| 17 
Pu _| Resistance: PULSE.GOMto GENAorGENB | | 32 
Rs _| Resistance: PULSE.GOMYo SWAP.AorSWAPB |__| 120 


Re Resistance: DET.COM to DET.OUT.A+ 
or DET.OUT.B+ 


R7 Resistance: DET.COM to DET.OUT.A— 
or DET.OUT.B— 670 


Rg Resistance: DET.COM to DET.SUPPLY 
Rx X Coil Resistance 


Ry Y Coil Resistance ss 2.7 
Ly X Coil Inductance me 


Ly Y Coil Inductance 


on 
— 
oO 


ie) (2) 
= = 3 
= 3 
a a 


DRIVE REQUIREMENTS 


T a= Range specified in Table 1. 


symbol | Parameter =| Min. | Nom. 
fp 50.000 
lpy X.COIL Peak Current | 600 
Ipy Y.COIL Peak Current a 
T px X.COIL Positive Turn On Phase 270 


T 4x X.COIL Positive Turn On Width 108 
T ox X.COIL Positive Decay Width 


Va X.COIL Negative Turn On Width ——— 108 


T 4x X.COIL Negative Decay Width 


T 3y Y.COIL Negative Turn On Width 
Tay Y.COIL Negative Decay Width 


P+ Total Coil Power 


Note: 1. Nomina! values are at T, = 25°C. 
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ohms 


50.25 
95 


Test Conditions 


Units 


KHz 
Degrees 
mA 
mA 
Degrees 
Degrees 
Degrees 
Degrees 
Degrees 
Degrees 
Degrees 
Degrees 
Degrees 
Degrees 
Watt 
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CONTROL PULSE REQUIREMENTS 


Nominal values at T,= 25°C. See Notes 2 and 3. 


GEN.A, GEN.B Transfer 36 90 
REP.A, REP.B Cut 480 45 
REP.A, REP.B Transfer 90 
SWAP 180 517 
BOOT.REP Cut a ee 270 4.5 
BOOT.REP Transfer 270 90 
BOOT.SWAP 180 See Note 4. 


Note: 2. Pulse timing is given in terms of the phase relations as shown below. For example, a 7110 operating at fp = 50.000 kHz would have a REP.A 
transfer width of 90° which is 5 us. 


Table 1. 7110 Family OUTPUT CHARACTERISTICS 


Part Number T, Range Ta= 25°C unless otherwise specified. 


Test 
Conditions 


a ——— TEST SET-UP FOR OUTPUT VOLTAGE 
in MEASUREMENT 


BELDEN 9272 TWINAX 


1KQ | TEKTRONIX 
7A1 


3 
112 pt_| PLUG-IN 


1K. 5 MHz B.W. 


3. Two level pulses are described as shown below. 


7 r— CUT WIDTH 


CUT AMPLITUDE 


TS RR AL DETECTOR OUTPUT WAVEFORMS 


cca anaes _ | TRANSFER WIDTH _. 


4. BOOT.SWAP is not normally accessed during opera- 
tion. It is utilized at the factory to write the index 
address and redundant loop information into the 
bootstrap loops before shipment. 


intel ADVANCE INFORMATION 


7220 
BUBBLE MEMORY CONTROLLER 


= 8080/8085/8088/8086 Microprocessor a DMA Handshake Capability 
Interface 
a Single or Multiple Page Block 
a Interfaces Up to Eight Bubble Storage Rranetsre 
Bubay Steins s HMOS Technology 
a Self-Contained Timing a Standard 40-Pin Dual In-Line Package 


The Intel® 7220 is a complete Bubble Memory Controller (BMC) designed to provide all the interface between Intel 
Bubble Memories and standard microprocessors such as the 8080, 8085, 8088, and 8086. 


The 7220 has self-contained timing generation and DMA handshake capability. Single and/or multiple page block 
transfer capability is supported. 


The 7220 is capable of interfacing with up to eight BPK70 one megabit bubble storage subsystems. 


The 7220 uses Intel’s high performance HMOS technology. The 7220 is packaged in a standard 40-pin dual in-line 
package. All inputs and outputs are directly TTL compatible and the device uses a single +5 volt supply. 


PIN CONFIGURATION pe PRaeene ye eie eters evra ane 7 


7250 
COIL PREDRIVER 


2x 7254 
DRIVER 
TRANSISTORS 


PWR.FAIL L] 1 
RESET.OUT 


DACK T™M.B 7140 
prc (18 REP.EN TO 7242 ONE MEGABIT 
SOOTEN 8086 FORMATTER/ 
INT 8085 
Ao LJ 10 SWAP.EN 8088 
Do (] 11 BOOT.S.EN 8086 
Dy (J 12 cid 
D2 (J 13 DET.ON 
D3 L} 14 ERR.FLG 
Ds (15 RESERVED 
Ds (] 16 BUS.RD 
De (| 17 SHIFT.CLK 
D7 (| 18 SYNC 
N.C. [-] 19 DIO GENERATOR 
pa CPG 
GNb [J 20 és (CPG) 


TO 
ADDITIONAL 
BPK70's 


Block Diagram of a 128K Byte Bubble Storage System 
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intel 7220 ADVANCE INFORMATION 


HARDWARE DESCRIPTION 


The 7220 Bubble Memory Controller is packaged in a 
40-pin Dual In-Line Package (DIP). The following lists the 
individual pins and describes their function. 


Pin Description 


reno 
active until a stopping point in a field rotation is 


a FAIL an CPG A low forces a controlled stop sequence and holds 
THE BMC in an IDLE state (similar to RESET). 
reached (if the BMC is causing the bubble 


hin OUT 7250 CPD/7242 FSA An active low signal to disable external logic 
7230 Reference initiated by PWR.FAIL or RESET signals, but not 
memory drive field to be rotated). 


Current Switch 
pcuK | 38 tot Bus | 4 MHz, TTLevel clock. 


RESET i Host Bus A low on this pin forces the interruption of any 
au 


BMC sequencer activity, performs a controlled 
mf et tere 


shut-down, and initiates a reset sequence. After 
: off 


the reset sequence is concluded, a low on this pin 
causes a low on the RESET.OUT pin, furthermore, 


the next BMC sequencer command must be either 
nal <— 
port which can be read or written by using the 


the Initialize or Abort command; all other 
Host Bus 
RD and WR strobes. Do shall be the LSB. 


A low on this pin enables the BMC output data to 
be transferred to the host data bus (Do-Dg). 


A low on this pin enables the contents of the host 
data bus (Dp-Dg) to be transferred to the BMC. 


A low signal is a DMA acknowledge. This 
notifies the BMC that the next memory cycle is 
available to transfer data. This line should be 
active only when DMA transfer is desired and the 
DMA ENABLE bit has been set. CS should not be 
active during DMA transfers except to read status. 
lf DMA is not used, DACK requires an external 
5.1K ohm to Vcc. 


A high on this pin indicates that a data transfer 
between the BMC and the host memory is being 
requested. 


A high on this pin indicates that the BMC has a 
new status and requires servicing when enabled 
by the host CPU. 


A high on this pin selects the command/status 
registers. A low on this pin selects the data 
register. 


Host CPU data bus. An eight-bit bidirectional 


commands are ignored. 
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Pin Description (cont.) 


Signal Name | PinNo. | uO | Source/Destination Description 


cs 21 Host Bus Chip Select Input. A high on this pin shall disable 
the device to all but DMA transfers (i.e., it ignores 
eT ee — 


bus activity and goes into a high impedance state). 
SYNC ae 7242 FSA 
SHIFT.CLK aye 7242 FSA 


: erp 


ERR.ELG 27 7 7242 FSA 
8 


DET.ON 


; i _ 


BOOT.SW.EN 30 7230 CPG An active low signal which may be used for 
anabling the BOOT.SWAP of the 7230 CPG 

SWAP.EN 7230 CPG An active low signal used to create the swap 
function in external circuits. 


A bidirectional active high data line that shall be 
used for serial communications with 7242 FSA 
devices. 


An active low output utilized to create time 
division multiplexing slots in a 7242 FSA chain. It 
shall also indicate the beginning of a data or 

command transfer between BMC and 7242 FSA. 


A controller generated clock that initiates data 
transfer between selected FSAs and their 
corresponding bubble memory devices. The timing 
of SHFT.CLK shall vary depending upon whether 
data is being read or written to the bubble 
memory. 


An active low signal that indicates that the DIO 
line is in the output mode. It shall be used to 
allow off-board expansion of 7242 FSA devices. 


A bidirectional pin that shall be tied to the WAIT 
pin on other BMCs when operated in parallel. It 
shall indicate that an error has been detected 
and that the BMCs should halt until the type of 
error has been determined. An open drain, active 
low signal. (Requires an external pullup resistor 
which is >5K ohm to Vcc.) 


An active low input generated externally by 7242 
FSA indicating that an error condition exists. 
(Requires an external pullup resistor which is 
>5K ohm to Vcc.) 


An active low signal that indicates the system is 
in the read mode and may be detecting. It is useful 
for power saving in the MBM. 


A high on this line indicates that the BMC is 
beginning an FSA command sequence. A low on 
this line indicates that the BMC is beginning a 

data transmit or receive sequence. 


on ha 
BOOT.EN 32 7230 CPG An active low signal enabling the bootstrap loop 
replicate function in external circuitry. 
33 7230 CPG An active low signal used to enable the replicate 
function in external circuitry. 
: ee 


7230 CPG An active low timing signal generated by the 
decoder logic for determining TRANSFER pulse 
width. 

7230 CPG An active low timing signal generated by the 
decoder logic for determining CUT pulse width. 

Four active low timing signals generated by the 


decoding logic and used to create coil drive 
currents in the bubble memory device. 


TM.B 
TM.A 
= 


“Not used in minimum (128K byte) system. 
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FUNCTIONAL DESCRIPTION 


The 7220 Bubble Memory Controller provides the user 
interface to the bubble memory system. The BMC 
generates all memory system timing and control, main- 
tains memory address information, interprets and exe- 
cutes user request for data transfers, and provides a 
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Microprocessor-Bus compatible interface for the mag- 
netic bubble memory system. 


Figure 2 is a block diagram of the 7220 Bubble Memory 
Controller (BMC). The following paragraphs describe the 
functions of the individual elements of the BMC. 
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Figure 2. 7220 Bubble Memory Controller (BMC), Block Diagram 


System Bus Interface— The System Bus Interface (SBI) 
logic contains the timing and control logic required to 
interface the BMC to a non-multiplexed bus. The logic 
also contains the circuitry to check and generate odd 
parity on transfers across the bus. The interface has in- 
put data, output data, and status data latches. The BMC 
can interface asynchronously to the host CPU. With a 
4-MHz clock, it is capable of sustaining a 1.3 Mbyte per 
second transfer rate, while data space is available in the 
BMC FIFO. 


FIFO—The FIFO consists of a 40x 8 bit FIFO RAM for 
data storage. The FIFO block also contains input and 
output data latches, providing double data buffering, to 
improve the R/W cycle times seen at the system bus in- 
terface. The FIFO may be used as a general purpose 
FIFO when a command is not being executed by the 
BMC Sequencer. In this mode, the FIFO READY status 
bit becomes a FIFO not-empty indicator indicating that 


the RAM and input/output latches have at least one byte 
of data. 


DMA and Interrupt Logic— The DRQ pin has two func- 
tions: 


(1) If the DMA enable bit in the enable register is set, 
the DRQ pin, in conjunction with the DACK pin, pro- 
vides a standard DMA transfer capability; i.e., it has 
the ability to handshake with an 8257 or 9517/8237 
DMA controller chip. 

(2) If the DMA enable bit is reset, the DRQ pin acts as a 
“ready for data transfer interrupt” pin. It becomes 
active when 22 bytes may be read from or written in- 
to the BMC; it is reset when this condition no longer 
exists. 


Register File—The register file contains 7 eight-bit 
registers that are accessible by the host CPU. Refer to 
the Register Section for details. 
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MBM Address Logic and RAM— The MBM address logic 
consists of the block length counter, starting address 
counter, adder, and MBM Address RAM. The MBM Aca- 
dress RAM is used to store the next available page ad- 
dress for each of up to 8 dual FSAs. The address main- 
tained is the read address, the write address is 
generated when needed by adding a constant to the 
stored read address. 


The block length counter enables multiple page trans- 
fers of up to 2048 pages in length. 


The starting address counter is used as a register to 
hold the desired start address. Once the start address is 
reached, the counter is incremented on each subse- 
quent page transfer so that its value is equal to the pre- 
sent read/write address. 


DIO Bootloop Decoder/Encoder— Performs parallel-to- 
serial and serial-to-parallel conversions between the 
FIFO data and the serial bit stream on the DIO line. This 
block also generates the BUS.RD signal, which indi- 
cates the direction of data transfer on the DIO line (this 
is useful in situations which require external buffering 
on the DIO line). This block also contains the circuitry 
which decodes the bootloop data during a Read 
Bootloop or Initialize operation, and encodes the boot- 
loop data during a Write Bootloop operation. 


Sequencer— Controls the execution of commands by 
decoding the contents of its own internal ROM in which 
the BMC firmware is located. This block also sets and 
resets flags and status bits, and controls actions in 
other parts of the BMC. 


Power Fail and Reset— Provides a means of resetting 
the bubble systems in an orderly manner, when acti- 
vated by the PWR.FAIL signal, the RESET signal, or the 
Abort command. 


FSA Select Logic block contains the logic which con- 
trols the timing of the interaction between the BMC and 
the FSAs. The FSA selection is determined by the four 
high-order bits in the BLR and the four high-order bits in 
the AR, both set by the user. 


Bubble Signal Decoder block contains the logic for 
creating all the MBM timing signals. The BMC to bubble 
memory interface consists of active low timing signals. 
The starting and stopping point of each signal is deter- 
mined by the decoder logic. Each signal may occur 
every field rotation or only once in a number of field rota- 
tions. The field rotation in which a timing pulse occurs 
is controlled by the sequencer logic. 


Figure 3 and Table 1 illustrate the typical timing signals 
for the BMC. These signals are described in the follow- 
ing paragraphs. 

X+, X—, Y+, and Y— go to the 7250 CPDs, and are 
used to enable the coil drive currents in the MBMs. 


TM.A and TM.B go to the 7230 CPGs, and are used to 
determine, respectively, the pulse widths for the CUT 
and TRANSFER functions used in replicating and gen- 
erating the bubbles. 


Table 1. 7220 BMC Timing (Degrees) 


270° 
0° 
90° 
180° 
TM.A (ODD) 270° 


TM.A (EVEN) 90° 


TM.B (ODD) 270° 


TM.B (EVEN) 90° 
BOOT.EN 252° 


REP.EN 252° 
SWAP.EN 180° 
BOOT.SW.EN 180° 
SHIFTCLK (RD) 186.75° 
SHIFTCLK (WRT) 72° 


*Stays low for 4118 field rotation periods when writing the MBM 
Bootloop. 


SWAP.EN, REP.EN, BOOT.SW.EN, and BOOT.EN all go 
to the 7230 CPG. They are used to enable, respectively, 
the data swap, data replicate, boot swap, and boot 
replicate functions within the MBMs. 


SHIFT.CLK goes to the FSAs. It is used to control the 
timing of events at the interface between each FSA and 
its corresponding MBM. (Refer to 7242 FSA Specifica- 
tion for a description of the BMC/FSA interface.) 


SYNC and C/D control the serial communications be- 
tween the BMC and the FSAs (on the DIO line). 


USER-ACCESSIBLE REGISTERS 


The user operates the bubble memory system by reada- 
ing from or writing to specific registers within the bub- 
ble memory controller (BMC). The following paragraphs 
identify these registers and gives brief functional 
descriptions, including bit configurations and address 
assignments. 


Register Addressing 


Selection of the user-accessible registers depends on 
register address information sent from the user to the 
BMC. This address information is sent via a single ad- 
dress line (designated Ap) and also via data lines Do 
through Dy. 


Both Command Register (CMDR) and Register Address 
Counter (RAC) are 4-bit registers which are loaded from 
Do-D3. The status register is selected and read by a 
single read request. The command register is selected 
and loaded by a single write request. The remaining 
registers are accessed by a two-stage process, in which 
the desired register is first selected by placing its ad- 
dress in the RAC, and then read or written with a subse- 
quent read or write request. 
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Figure 3. 7220 BMC Timing Diagram 


Table 2 gives a complete listing of the address assign- 
ments for the user-accessible registers. The registers 
are listed in two groups. The first group (STR, CMDR, 
RAC) consists of those registers that are selected and 
accessed in one operation. The second group (UR, BLR, 
ER, AR, FIFO) consists of those registers that are 
selected according to the contents of RAC. 


Table 2. Address Assignments for the 
User-Accessible Registers 


AO D7 D6 D5 D4 D3 D2 D1 DO | Symbol | Name of Register 


1000%1C C C C |CMDR | Command Write Only 
Register 


10000 8B B B B }|RAC Register Address | Write Only 


Counter 
1S $8 8 S$ S$ S$ SS [STR 


Status Register 


3-16 


Table 2. (cont.) 


Read or Write 
Write Only 


Utility Register 

Block Length 
Register LSB 

Block Length 


ELH LSB 


BLR MSB Write Only 


Register MSB 
Enable Register 
Address Register 

LSB 
Address Register 
MSB 
FIFO Data Buffer 


ER 
AR LSB 


Write Only 
Read or Write 
AR MSB Read or Write 


FIFO Read or Write 


SSSSSSSS = 8-bit status information returned to the user from the STR 
CCCC = 4-bit command code sent to the CMDR by the user. 
BBBB = 4-bit register address sent to the RAC by the user. 

B3B2B1B0= 4-bit contents of RAC at the time the user makes a read or 

write request with AO=0. 
LSB = Least Significant Byte 
MSB= Most Significant Byte 
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The register file contains the registers with address 
1010 through 1111. These registers are also called 
parametric registers because they contain flags and 
parameters that determine exactly how the BMC will 
respond to commands written to the CMDR. 


To facilitate such operations, the BMC automatically in- 
crements the RAC by one count after each transfer of 
data to or from a parametric register. 


The RAC increments from the initially loaded value 
through address 1111 and then on to 0000 (the FIFO ad- 
dress). When it has reached 0000, it no longer incre- 
ments. All subsequent data transfers (with AO=0) will 
be to or from the FIFO until such time as the RAC is 
loaded with a different register address. 


REGISTER DESCRIPTIONS 
Command Register (CMDR) 4 Bits, Write Only 


The user issues a command to the BMC by writing a 
4-bit command code to the CMDR. 


Table 3 lists the 4-bit command codes used to issue the 
sixteen commands recognized by the BMC: 


Table 4 is a listing of the commands and their functions. 


Table 3. Command Code Definitions 


CC aa 


Write Bootloop Register Masked 
Initialize 

Read Bubble Data 

Write Bubble Data 

Read Seek 

Read Bootloop Register 
Write Bootloop Register 
Write Bootloop 

Read FSA Status 

Abort 

Write Seek 

Read Bootloop 

Read Corrected Data 
Reset FIFO 

MBM Purge 

Software Reset 


oO 


=—_a to i OC OC OU’ hC OOOO OOO OO FC 


-"oOoO}-0O0fO0+o0d0a0o 0-0-0 


0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 


—=-§ Ooj-=- oo0odjT + oo 


The most commonly used commands in normal opera- 
tion are: 


Initialize 

Read Bubble Data 
Write Bubble Data 
Seek 

Write Seek 

Abort 

MBM Purge 

Read Corrected Data 
Reset FIFO 
Software Reset 
Read FSA Status 


Commands relating to the bootloop, and used only for 
diagnostic purposes, are: 


Read Bootloop Register 

Write Bootloop Register 

Write Bootloop Register Masked 
Read Bootloop 

Write Bootloop 


Status Register (STR) 8 Bits, Read Only 


The user reads the BMC status register in response to 
an interrupt signal, or as part of the polling process ina 
polled data transfer mode. The status register provides 
information about error conditions, completion or ter- 
mination of commands, and about the BMC’s readiness 
to transfer data or accept new commands. The in- 
dividual bit descriptions are as follows: 


STATUS REGISTER 


ee] eles] epee 


FIFO READY 

PARITY ERROR 
UNCORRECTABLE ERROR 
CORRECTABLE ERROR 
TIMING ERROR 

OP FAIL 

OP COMPLETE 

BUSY 


BUSY (when = 1) indicates that the BMC is in the 
process of executing a command. When equal to 
0, BUSY indicates that the BMC is ready to receive 
a new command. In the case of a read command, 
BUSY may also indicate that the data bus has not 
been completely removed from the FIFO, and that 
DRQ is still active. BUSY will then drop as soon as 
DRQ does (after the user has finished reading the 
data remaining in the FIFO). 


OP COMPLETE (when = 1) indicates that an FSA 
has reported a timing error to the BMC, or that the 
host system has failed to keep up with the BMC, 
thereby causing the BMC FIFO to overflow or to 
become empty. TIMING ERROR is aiso set if no 
bootloop sync word is found during initialization, 
or if a Write Bootloop command is issued when 
the WRITE BOOTLOOP ENABLE bit is equal to 
zero in the enable register. 


CORRECTABLE ERROR (when = 1) indicates that 
a FSA has reported to the BMC that a correctable 
error has been detected in the last data block 
transferred. 


UNCORRECTABLE ERROR (when= 1) indicates 
that an FSA has reported to the BMC that an un- 
correctable error has been detected in the last 
data block transferred. 


PARITY ERROR (when=1) indicates that the 
BMC’s parity check circuitry has detected a parity 
error on a’‘ata byte sent to the BMC by the user on 
the data lines Do-Dg. 
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FIFO READY has two functions. The FIFO READY 
functions are as follows: 


FIFO 
READ WRITE 
READY BUSY ) READ 


1 1 data in space in 
FIFO FIFO 
Po | 1 | rodeta | nosrace 
1 
0 


— data in FIFO — 
— FIFO empty — 


STR Bits 1 through 6 are reset when a new com- 
mand is issued. They may also be reset by making 
a write request (WR=0) to the BMC with Ag=0, 
D4=1 and Ds=1 (that is, writing the RAC with 
De= 1). 


Enable Register (ER) 8 Bits, Write Only 


The user sets various bits of the enable register to 
enable or disable various functions within the BMC or 
the FSAs. The individual bit descriptions are as follows: 


ENABLE REGISTER 


ARIES EVER ERNE 


INTERRUPT ENABLE (NORMAL) 
INTERRUPT ENABLE (ERROR) 


ADVANCE INFORMATION 


ENABLE RCD enables the BMC to give the Read 
Corrected Data command to an FSA in which an 
error has been detected. This causes the FSA to 
correct the error (if possible) and also to transfer 
the corrected data to the BMC. The Read Cor- 
rected Data command is also used to read into the 
BMC data previously corrected by the FSA in 
response to an Internally Correct Data command. 
In either case, when the data transfer has been 
completed, the BMC can read FSA status to deter- 
mine whether or not the error was correctable. In 
the case of an uncorrectable error, bad data may 
have been sent to the user. The value of ENABLE 
RCD affects the action of INTERRUPT ENABLE . 
(ERROR). 


WRITE BOOTLOOP ENABLE (when=1) enables 
the bootloop to be written. If this bit is equal to 
zero, and a Write Bootloop command is received 
by the BMC, the command is aborted and the TIM- 
ING ERROR bit is set in the STR. 


MFBTR controls the maximum burst transfer rate 
from FSA(s) to BMC FIFO. This rate is variable on 
the “last page” of a multiple page transfer. (In one 
page transfers the last page is the only page.) See 
Table 4 for effects of this bit on the various 7220 
commands. 


Table 4. MFBTR Bit Definitions 


DMA ENABLE Number Maximum 

MAXIMUM FSA-BMC TRANSFER RATE MFBTR Bit 

WRITE BOOTLOOP ENABLE of MBMs Required rere 
ENABLE RCD Operated Host Interface 

ENABLE ICD in Parallel Data Rate Read Command Write Command 


ENABLE PARITY INTERRUPT 


In the above figure and in the text below, the following 
abbreviations are used: 


ICD =INTERNALLY CORRECT DATA 
RCD = READ CORRECTED DATA 
UCE =UNCORRECTABLE ERROR 
CE =CORRECTABLE ERROR 

TE =TIMING ERROR 


ENABLE PARITY INTERRUPT enables the BMC to 
interrupt the host system (via the INT line) when 
the BMC detects a parity error on the data bus 
lines Do-D7. 


ENABLE ICD enables the BMC to give the Inter- 
nally Correct Data command to an FSA when an er- 
ror has been detected by the FSA’s error detection 
and correction circuitry. The FSA responds to 
such a command by internally cycling the data 
through its error correction network. When finish- 
ed, the FSA returns status to the BMC as to 
whether or not the error is correctable. The value 
of ENABLE ICD affects the action of INTERRUPT 
ENABLE (ERROR). 


50K byte/sec 
100K byte/sec 
200K byte/sec 
400K byte/sec 
125K byte/sec 
25K byte/sec 
50K byte/sec 
100K byte/sec 


1 
2 
4 
8 
1 
2 
4 
8 


NOTE: The MFBTR bit should always be set to “0” for all commands 


except “READ.” 


DMA ENABLE (when=1) enables the BMC to 
operate in DMA data transfer mode, using the DRQ 
and DACK signals in interaction with a DMA con- 
troller. When equal to zero, DMA ENABLE sets up 
the controller to support interrupt driven or polled 
data transfer. 


INTERRUPT ENABLE (ERROR) selects error condi- 
tions under which the BMC stops command exe- 
cution and interrupts the host processor (via the 
INT line). INTERRUPT ENABLE (ERROR) operates 
in conjunction with ENABLE ICD and ENABLE 
RCD. 
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Interrupt 
Enable Enable 
RCD (ERROR) interrupt Action 


No interrupts due to errors 
Interrupt on TE only 
Interrupt on UCE or TE 
Interrupt on UCE, CE, or TE 
Interrupt on UCE or TE 
Interrupt on UCE, CE, or TE 
Not used 

Not used 


0 
1 
0 
1 
0 
{ 
0 
1 


INTERRUPT ENABLE (NORMAL) (when= 1) 
enables the BMC to interrupt the host system (via 
the INT line), when a command execution has been 
successfully comp!eted (OP COMPLETE = 1 in the 
STR). 


Utility Register (UR) 8 Bits, Read or Write 


The utility register is a general purpose register avail- 
able to the user in connection with bubble memory 
system operations. It has no direct effect on the BMC 
operation, but is provided as a convenience to the user. 


Block Length Register (BLR) 16 Bits, 
Write Only 


The contents of the block length register determine the 
system page size and also the number of pages to be 
transferred in response to a single bubble data read or 
write command. The bit configuration is as follows: 


BLOCK LENGTH REGISTER MSB 


BORO 


NUMBER OF FSA 
CHANNELS (NFC) 


BLOCK LENGTH REGISTERLSB 
7lejstajsfei fo 
A 


NUMBER OF PAGES TO BE TRANSFERRED 


The system page size is proportional to the number of 
magnetic bubble memory modules (MBMs) operating in 
parallel during the data read or write operation. Each 
MBM requires two FSA channels. Bits 4 through 7 of 
BLR MSB actually specify the number of FSA channels 
to be accessed. 


The BLR LSB, together with the 3 least significant bits 
of the BLR MSB, specify the number of pages to be 
transferred. Up to 2048 pages can be transferred in 
response to a single bubble data read or write com- 
mand, hence the requirement for 11 bits. All 11 bits 
equal to zero specifies a 2048 page transfer. 


Address Register (AR) 16 Bits, Read or Write 


The contents of the address register determine which 
MBM group is to be accessed, and, within that group, 
what starting address location shall be used in a data 
read or write operation. The bit configuration is as 
follows: 


ADDRESS REGISTER MSB 


7] oi sisjaleiite 


X———— 


MBM SELECT 


ADDRESS REGISTER LSB 
BODE o 
a a Re a ne 


STARTING ADDRESS WITHIN EACH MBM 


Within each MBM there are 2048 possible starting ad- 
dress locations for a data read or write operation, hence 
the requirement for 11 bits in the starting address. 


The selection of the MBMs to be read or written is 
specified by AR MSB Bits 3-6. The BMCs interpretation 
of these bits depends on the number of MBMs in a 
group, which is specified by BLR MSB Bits 4-7. 


Table 5 shows which MBM groups are selected in 
response to given values for BLR MSB Bits 4-7 and AR 
MSB Bits 3-6. A 1-megabyte system (8 MBMs) is 
represented, with the FSA channels numbered 0 
through F: 


Table 5. Selection of FSA Channels 


(6,5,4,3) 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 
F 


As explained above, the accessing of single FSA chan- 
nels is done only as part of diagnostic processes. AR 
MSB Bit 7 is not used. 


FIFO Data Buffer (FIFO) 40 x 8 Bits, Read or 
Write 


The BMC FIFO is a 40-byte buffer through which data 
passes on its way from the FSAs to the user, or from the 
user to the FSAs. The FIFO allows the data transfer to 
proceed in an asynchronous and flexible manner, and 
relaxes timing constraints, both to the FSAs and also to 
the user’s equipment. The user’s system must, however, 
meet the data rate requirements. When the BMC is busy 
(executing a command) the FIFO functions as a data 
buffer. When the BMC is not busy, the FIFO is available 
to the user as a general purpose FIFO. 
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FUNCTIONAL OPERATION 


The IC components used in the bubble memory systems 
have been designed with transparency in mind—that is, 
a maximum number of operations are handled by the 
hardware and firmware of these components. 


Each one-Megabit Bubble Memory (MBM) operates in its 
own domain, and is unaffected by the number of bubble 
memories in the system. The roles played by the MBM’s 
immediate support circuitry can be described as if the 
system contained only one MBM module. 


Data Fiow Within the Magnetic Bubble 
Memory (MBM) System 


During a read operation, data flows as follows: The 
data from the MBM is input to the Formatter/Sense 
Amplifier (FSA). Data from each channel (A channel or B 
channel) of the MBM goes to the corresponding channel 
of the FSA. In the FSA, the data is paired up with the cor- 
responding bit in the FSA’s bootioop register to deter- 
mine whether it represents data from a ‘good’ loop. If it 
does, the data bit is stored in the FSA FIFO. Error detec- 
tion and correction (if enabled by the user) is applied to 
each block of 256 data bits. 


From the FSA FIFO, data is sent to the bubble memory 
controller (BMC) in the form of a serial bit stream, via a 
one-line bidirectional data bus (DIO). The data is multi- 
plexed onto the DIO line, with data bits coming alter- 
nately from the A and B channels of the FSA. The BMC 
outputs a SYNC pulse to the SELECT.IN input of the 
FSA. The FSA responds by placing a data bit from the A 
channel FIFO on the DIO line. One clock cycle later, a 
data bit from the B channel FIFO is placed on the DIO 
line. The BMC continues to output SYNC pulses, once 


DETAILED COMMAND DESCRIPTIONS 


every 80 clock cycles, each time receiving two data bits 
in return. 


In the BMC, the data undergoes serial-to-parallel conver- 
sion, and is assembled into bytes, which are then placed 
in the BMC FIFO, which can hold 40 bytes of data. From 
this FIFO, the data bytes are written onto the user inter- 
face. 


During a write operation, the data flow consists of the 
corresponding operations in the reverse order. 


Multiple-MBM Systems 


The 7220 BMC can interface up to 8 one-megabit BPK70 
Bubble Storage subsystems. The data flow in a multiple- 
BPK70 system is in most respects similar to that which 
occurs in a one-BKP70 subsystem. The difference is in 
the time-division multiplexing that occurs on the DIO 
bus line between the BMC and the FSAs. 


For data transfer operations, the BMC may exchange 
data with as few as two FSA channels (one BPK70) or as 
many as 16 FSA channels (eight BPK70Os). 


SOFTWARE INTERFACE—The general procedure for 
communicating with the BMC is: 


Pass parameters to the BMC by loading the 
registers. 

Send the desired command. 

Read the status/command register until BMC is not 
busy (or use “INT”’ pin). 

Examine the status register to determine whether 
the operation was successful. 


Initialize The BMC executes the Initialize command by first interrogating the bubble system to 
determine how many FSAs are present, then reading and decoding the bootloop from 


each MBM and storing the results in the corresponding FSA’s bootloop register. 


Read Bubble Data The Read Bubble Data command causes data to be read from the MBMs into the BMC 
FIFO. The selection of the MBMs to be accessed and the starting address for the read 
operation is specified in the address register (AR). The block length register (BLR) 


specifies the number of system pages to be read. 


The Write Bubble Data command causes data to be read from the BMC FIFO and 
written into the MBMs. The selection of the MBMs to be accessed and the starting 
address for the write operation is specified in the address register (AR). The block 
length register (BLR) specifies the number of system pages to be written. 


Write Bubble Data 


Read Seek 


The Read Seek command rotates the selected MBMs to a designated page address 
location. No data transfer occurs. The positioning is such that the next data location 
available to be read is the specified (in AR) page address plus one. The Read Seek 
command may be used to reduce latency (access time) in cases where information is 
available for the user to predict the location of an impending read reference to the 
MBMs. 
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Write Seek 


MBM Purge 


Read Corrected Data 


Software Reset 


Read FSA Status 


Read Bootloop 
Register 


Write Bootloop 
Register 


Write Bootloop 
Register Masked 


Read Bootloop 


Write Bootloop 
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Detailed Command Descriptions (cont.) 


The Write Seek command rotates the selected MBMs to a designated page address 
location. No data transfer occurs. The positioning is such that the next data location 
available to be written is the specified (in AR) page address plus one. The Write Seek . 
command may be used to reduce latency (access time) in cases where information is 
available for the user to predict the location of an impending write reference to the 
MBMs. 


The Abort command causes a controlled termination of the command currently being 
executed by the BMC. The Abort command will be accepted by the BMC (and is 
typically issued) when the BMC is busy. 


The MBM Purge command clears all BMC registers, counters, and the MBM address 
RAM, except it does not clear the block length register, the NFC bits, the FSA present 
counter, or the four high-level bits of the address register. 


The Read Corrected Data command causes the BMC to read into the BMC FiFO a 
256-bit block of data from the FIFO of each selected FSA channel, after an error has 
been detected. The data cycles through the error correction network of the FSA. After 
the data has been read, the FSA reports to the BMC whether or not the error was 
correctable. The Read Corrected Data command is used only when the system is in error 
correction mode (ENABLE ICD or ENABLE RCD set in the ER). 


The Software Reset command clears the BMC FIFO and all registers, except those 
containing initialization parameters. It also causes the BMC to send the Software 

Reset command to selected FSAs in the system. No reinitialization is needed after 
this command. 


The Read FSA Status command causes the BMC to read the 8-bit status register of all 
FSAs, and to store this information in the BMC FIFO. The Read FSA Status command is 
independent of all parametric registers. 


The Read Bootloop Register command causes the BMC to read the bootloop register of 
the selected FSA channels and to store this information in the BMC FIFO. Twenty 
bytes are transferred for each FSA channel selected. 


The Write Bootloop Register command causes the BMC to write the contents of the 
BMC FIFO into the bootloop register(s) of the selected FSA channels. Twenty bytes 
are needed for each FSA channel selected. 


Proper operation of the FSAs during data transfer to or from the MBMs requires that the 
bootloop register contain (if error correction is used) exactly 270 logic 1s for each 
FSA bootloop register. The user may select any subset of 270 ‘‘good” loops from the 
total number of available loops (if error correction is not used, 270 replaced by 272). As 
an alternative, the Write Bootloop Register Masked command may be used. This 
command counts the number of logic 1s and masks out the remaining 1s after the 
proper count has been reached. 


The Read Bootloop command causes the BMC to read the bootloop from the 
selected MBM, and to store the decoded bootloop information in the BMC FIFO. 


The Write Bootloop command causes the existing contents of the selected MBM’s 
bootloop to be replaced by new bootloop data based on 40 bytes of information stored 
in the FIFO (the user must actually write 41 bytes, where the 41st byte is all Os). 

Encoding of the bootloop data is done by the BMC hardware. 
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ABSOLUTE MAXIMUM RATINGS *NOTICE: Stresses above those listed under “Absolute Max- 
; imum Ratings” may cause permanent damage to the device. 

Temperature under bias............ — 10°C to + 80°C This is a stress rating only and functional operation of the 
Storage Temperature............. -— 65°C to + 150°C device at these or any other conditions above those indicated 
All Input or Output Voltages and in the operational sections of this specification is not implied. 
Voc Supply Voltage.................. —0.5V to 7V Exposure to absolute maximum rating conditions for extended 


periods may affect device reliability. 


D.C. CHARACTERISTICS (T,=0°C to 70°C; Voc = 5.0V + 5%) 


Input Low Voltage 

Input High Voltage 
VOH 

cc 


Test Condition 


Vout) Output Low Voltage 
(All outputs except DET.ON, BUS.RD, lol =3.2 MA 
SHIFT.CLK, and SYNC 


_ ei [Me at 
pf os | 
p20 ft 
meee 
ee 
ee 
re ee 
Pt 


A.C. CHARACTERISTICS 
Ta=0°C to + 70°C; Voc = 5.0V + 5%; C, = 150 pF, unless otherwise noted. 


Parameter 


Clock Period 
Clock Phase Width 


Input Signal Rise and Fall Time 


Test Condition 


FSA Interface Timings 


az 
T symbot | Parameter Sdn 
CLK to DIO Valid Delay ae 
CLK to DIO Entering Float a 
tcoe [61K 0 DIO Enabed rom Float 
Fem | eKteo0 retin 
icsor | Gtk 0 SYR teang Eee dany 
oe a ee 
we 

La 

| 200 


CLK to Output Trailing Edge 
tew ERR. FLG Pulse Width 
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A.C. CHARACTERISTICS | 
Ta=0°C to 70°C; Veg = 5.0 + 5%; C, = 150 pF unless otherwise noted. 


Read Cycle (Host Interface) 


Select Setup to RD 


Test Condition 


Select Hold from RD 


po 
10 
AD Pulse Width [160 
Data Delay from Address r 150 
all 


C,=20pF for Min. 
150 pF for Max. 


Data Delay from RD 


Output Float Delay 


DACK Setup to RD 


DACK Hold from RD 


| tka Data Delay from DACK 


Write Cycle (Host Interface) 


) tea Select Hold from WR | 10 | 


— so | 


Data Hold from WRt | 10 | 
| tpc | _ DACK Setup to WR 
C 


es 


tca Request Hold from RD or WR 
(non Burst mode) 


7250-7230 Interface Timings 
CLK to Bubble Signal Leading Edge 
CLK to Bubble Signal Trailing Edge ns 


*Bubble Pin Loads Shown Below 


Test Condition 
Under Pin Loads* 


PIN LOADINGS 


TM.A, TM.B, REP.EN, BOOT.EN, 
SWAP.EN, BOOT.SW.EN, C/D, 


ERR.FLG, WAIT, SYNC 


DET.ON & SHIFT.CLK 


BUS.READ 
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WAVEFORMS 


Read Waveforms (Host Interface) 


DATA BUS 


Write Waveforms (Host Interface) 


DATA BUS 


DMA Waveforms (Host Interface) 


tca 


RDB OR WR 
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7242 Interface Timings 


DIO (WRITE) 


SELECT OUT 


DIO (READ) 


RESET OUT, C/D 


SHIFTCLK (READ) 


7250 & 7230 Interface Timings 


BUBBLE SIG. 
7250 & 7230 


7220 ADVANCE INFORMATION 


tcpF 


(} DATA OUT VALID . DATA OUT VALID {J = = = = = 


tcsoT 


tpHC 
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7230 
CURRENT PULSE GENERATOR 
FOR BUBBLE MEMORIES 


= TTL Compatible Inputs | = Direct Interface to Bubble Memory 
' ‘ Controller 

= Provides all Pulses for IM’s Bubble 

Memories = Automatic Power Fail and Reset 

— Replicate, Swap, Generate, = Operates from +5 and +12 Volts Only 

Boot Replicate and Bootswap 

= Current Sink Outputs Designed to = Schottky Bipolar Technology 

Directly Drive Bubble Memory = Standard 22-Pin Dual-In-Line Package 


The Intel 7230 is a Current Pulse Generator (CPG) designed to drive Intel Magnetics Bubble Memories. The 7230 is a 
Schottky Bipolar, TTL input compatible device that converts digital timing signals to analog current pulses. The CPG 
provides all pulses for Intel Magnetics Bubble Memories (7110 Family). These include Replicate, Swap, Generate, Boot 
Replicate and Bootswap pulses. The high current sinking outputs directly drive the bubble memory. It also directly interfaces 
to the Intel Magnetics Bubble Memory Controller (7220) and Formatter/Sense amplifier (7242). 


The 7230 operates from 5-volt and 12-volt power supplies and is in a standard 22-pin dual-in-line package. 


BLOCK DIAGRAM 


PIN CONFIGURATION 


2x 7254 
DRIVER 
TRANSISTORS 


Vop L]1 221 |Vcc 


TM.A L_] 2 211] PWR.FAIL 
™.B LJ 3 20 [_] REFR. TO 7220 _— 7110 
GEN.EN.BL_] 4 19 [| ]GEN.B 8080 eae FORMATTER/ ONE MEGABIT 
GEN.ENAL]5 18[]GEN.A Boge im CONTROLLER 
SWAP.ENL] 6 17 J swap 8086 (BMC) 
csL]7 16 [] REP.B 
REP.EN([ | 8 15[_] REP.A 
BOOT.SW.EN 14 [7] BOOT.SWA 


GNDL J} 11 121 ]GND 


| 
| 
lanai | 
BOOT.EN |_| 10 13 {_ ] BOOT.REP l 
| 
| 
| 


TO 
ADDITIONAL 
BPK70’s 


Block Diagram of Single Bubble Memory System — 128K Bytes 
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LOGIC DIAGRAM 


oe 8 - @ 

DD O- SUPPLY —————E 
GND oA) MONITOR O PWR.FAIL 
GND -@ 


@9 


EXTERNAL a. Ce CURRENT 
RESISTOR a. Ce 


a Op. 
On, 


fT 
= REP.A 


= 
er REP.B 


= 


_ CURRENT 


SINK 
CURRENT 
SINK 
CURRENT 

SINK 


CURRENT 


ip SD ee —— 


GEN.EN.A © 
| CURRENT 
CURRENT 
SINK un © GEN.B 
> CURRENT 
——— current |__@ : 
SWAP.EN ©O ft — 


SEER CURRENT 4) r 
BOOT.SW.EN ROE d eo SINK BOOT.SWAP 


O BOOT.REP 


BOOT.EN = O ion 
i 


GEN.EN.B 32 


EXTERNAL RESISTOR REQUIREMENTS 


Connect a 1% resistor based on the following table 
between pin 20 and ground. 


7230 External 
Marking 


Resistor 


PIN DESCRIPTION 


BOOT.EN (Pin 10) 


An active low input enabling the BOOT.REP output 
current pulse. 


BOOT.REP (Pin 13) 


An output providing the current pulse for bootstrap loop 
replication in the bubble memory. 


BOOT.SWAP (Pin 14) 


An output providing a current pulse which may be used 
for writing data into the bootstrap loop. 


BOOT.SW.EN (Pin 9) 


An active low input enabling the BOOT.SWAP output 
Current pulse. 


CS (Pin 7) 
An active low input for selecting the chip. The chip 
powers down during deselect. 


GEN.A (Pin 18) 


An output providing the current pulse for writing data 
into the “A” quads of the bubble memory. 


GEN.B (Pin 19) 


An output providing the current pulse for writing data 
into the ““B” quads of the bubble memory. 


GEN.EN.A (Pin 5) 


An active low input enabling the GEN.A output current 
pulse. 


GEN.EN.B (Pin 4) 


An active low input enabling the GEN.B output current 
pulse. 


PWR.FAIL (Pin 21) 


An active low, open collector output indicating that 
either Vcc or Vpp is below its threshold value. 


REFR. (Pin 20) 


The pin for the reference current generator to which an 
external resistance must be connected. 


REP.A (Pin 15) 


An output providing the current pulse for replication of 
data in the “A” quads of the bubble memory. 


REP.B (Pin 16) 


An output providing the current pulse for replication of 
data in the “B” quads of the bubble memory. 


REP.EN (Pin 8) 


An active low input enabling the REP.A and REP.B 
outputs. 
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PIN DESCRIPTION (continued) 


SWAP (Pin 17) 

An output providing the current pulse for exchanging 
the data between the input track and the storage loops 
in the bubble memory. 

SWAP.EN (Pin 6) 

An active low input enabling the SWAP output. 


TM.A (Pin 2) 


An active low timing signal determining the cut pulse 
widths of the BOOT.REP, GEN.A, GEN.B, REP.A and 
REP.B outputs. 


TM.B (Pin 3) 


An active low timing signal determining the transfer 
pulse widths of the BOOT.REP, GEN.A, GEN.B, REP.A 
and REP.B outputs. 


D.C. AND OPERATING CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ............ — 20°C to +80°C 
Storage Temperature .............. —65°C to + 150°C 
Voc and Input Voltages ................. -0.5V to+7V 
Vpp and Output Voltages ............. -—0.5V to +14V 
Power DIGSipation «6.00 nsacnccseeeneed ne asne sans 1W 
Power Fail Output Sink Current................ 10mA 


*COMMENT: Stresses above those listed under 
“Absolute Maximum Ratings” may cause permanent 
damage to the device. This is a stress rating only and 
functional operation of the device at these or any other 
conditions above those indicated in the operational 
sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Ta=0°C to +70°C, Voc = 5.0V + 5%, Vpop= 12V + 5%, unless otherwise specified. 


Symbol Parameter Min 
Vo | Input Clamp voltage | 
(All Outputs except PWR.FAIL) 
= [coe 

Current 


A.C. CHARACTERISTICS 
Ta=0°C to +70°C, Voc =5.0V + 5%, Vop= 12V+ 5%. 


Symbol_[ Parameter [Min 
[Output Curent Rise Time | 
tr [ Output current Fal Time | 


*Note: Voc =4.5V and Vpp = 10.8V for all tests. 


Limits 


Test Conditions 


typ. [Max 
08 [ma 
0k 


V 


Vit =0.4V, Voc = 5.25V 
Vin = Voc = 5.25V 


l= —18 mA, Voc = 4.75V 


Vcc=5.25V, Vpp=12.6V 


Von = Voc = 5.25V 


lo. =4 MA, Voc = 4.75V 
Vpp= 12V 

Voc =5V 

CS=ViL, Voc = 5.25V 
CS = Vi, Vpp = 5.25V 
CS = Vin, Vop = 12.6V 


3 


=) 


z 


=| 


Test Conditions* 


0 See Test Setup Below 


See Test Setup Below 


_ 
fo?) 
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WAVEFORMS 


3.0V 
cs — —____ ———————— 1.5V 
ov 


CURRENT 


in 


OUTPUT 


3.0V 


1.5V 
OV 


ALL OTHER 
INPUTS 


— — — — 90% Test Setup for Output Current 


— — — - 50% 


OUTPUT 
—ee Rise and Fall Time Measurement 


CURRENT 


CAPACITANCE* 
Ta= 25°C. 


“This parameter is periodically sampled and not 100% tested. Condition of measurement is f= 1 MHz. 


Test Conditions* 


OUTPUT CURRENTS 
Ta=0°C to 70°C, Voc =5.0V +5%, Vpp=12.0V +5% 


Nominal Values at 50 KHz 


Output (Voyz = 3.0V) / Current(mA) Pulse Width (us) 
REP.A, REP.B TRANSFER 5.0 
GEN.A, GEN.B TRANSFER 5.0. 
SWAP 2075 
BOOT.SWAP 70 See Note 

Two-level pulses are defined as shown: — Gur eimnnier 
TRANSFER CURRENT 
CUT { 
PULSE > —_ 
WIDTH 
TRANSFER 
PULSE WIDTH 


Note: Writing data into the bootstrap loop would require 4096 pulses of 20us width. 
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1242 
DUAL FORMATTER/SENSE AMPLIFIER 
FOR BUBBLE MEMORIES 


= Error Detection/Correction Done = FIFO Data Block Buffer 
deapeyeaaiina: Daisy-Chained Selects for Multipl 
= Daisy-Chained Selects for Multiple 
= Gal cnenne Bubble Memory Systems 
= On-Chip Sense Amplifiers 
= MOS N-Channel Technology 
= Automatically Handles Redundant 
Loops = Standard 20-Pin Dual-in-Line Package 


The Intel 7242 is a Dual Formatter/Sense Amplifier (FSA) designed to interface directly with Intel Magnetics Bubble 
Memories. The 7242 features on-chip sense amplifier for system ease of use and minimization of system part count. 
The 7242 also provides for automatically handling the bubble memories’ redundant loops so they appear transparent 
to the user. In addition, complete burst error detection and correction can be done automatically by this device. 


The 7242 has a full FIFO data block buffer. This device can be daisy-chained for multiple bubble memory systems. Up 
to eight FSA can be controlled by one 7220 Bubble Memory Controller (BMC). 


The 7242 utilizes an advanced NMOS technology to incorporate the on-chip sense amplifiers and other unique 
features. The device is packaged in a standard high density 20-pin dual-in-line package. 


BLOCK DAGCAAM SC - Cree < 


7250 
COIL PREDRIVER 


2x 7254 
DRIVER 


PIN CONFIGURATION 


cs 


Vcc TRANSISTORS 
SELECT.OUT SELECT.IN 
ciD CLK 
ERR.FLG DIO 
aa ra an 
Sunieroi x 8085 MEMORY 
DET.A+ SHIFT.CLK 
8088 CONTROLLER 


DET.A- ENABLE.B 8086 (BMC) 
DET.B+ ENABLE.A 
DET.B- DATA.OUT.B 

GND DATA.OUT.A 


GENERATOR 
(CPG) 


TO Block Diagram of Single Bubble Memory System 
ADDITIONAL 
BPK70’s 128K Bytes 
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LOGIC DIAGRAM 


BOOTLOOP 
REGISTER 


{oj DET.A- 
SELECT.IN ENABLE A 


SELECT.OUT 
=— ENABLE.B 


ROR 
CORRECTION 


PIN DESCRIPTION 

CID (Pin 3) 

Command/Data signal. This signal shall cause the FSA 
to enter a receive command mode when high and to 
interpret the serial data line as data when low. Any 
previously active command will be immediately 
terminated by C/D. 


CLK (Pin 18) 


Same TTL level clock used to generate internal timing 
as used for 7220. 


CS (Pin 1) 

An active low signal used for multiplexing of FSA’s. The 
FSA is disabled whenever CS is high (i.e., it presents a 
high impedance to the bus and ignores all bus activity.) 


DATA.OUT.A, DATA.OUT.B (Pins 11 and 12) 


Output data from the FIFO to the MBM generate 
circuitry. Used to write data into the bubble device 
(active low). 


DET.A+, DET.A—, DET.B +, DET.B — (Pins 6, 7, 8, and 9) 
Differential signal lines from the MBM detector. 


DIO (Pin 17) 

The Serial Bus data line (a bidirectional active high 
signal). 

ENABLE.A, ENABLE.B (Pins 13 and 14) 


TTL level outputs utilized as chip selects for other inter- 
face circuits. They shall be set and reset by the 
Command Decoder under instruction of the Controller 
(active low). 


ERR.FLG (Pin 4) 


An error flag used to interrupt the Controller to indicate 
that an error condition exists. It shall be an open drain 
active low signal. 


RESET (Pin 16) 

An active low signal that shall reset all flags and 
pointers in the FSA as well as disabling the chip as the 
CS signal does. The RESET pulse width must be 5 clock 
periods to assure the FSA is properly reset. 


SELECT.IN (Pin 19) 

An input utilized for time division multiplexing. An 
active low signal whose presence indicates that the 
FSA is to send or receive data from the Serial Bus during 
the next two clock periods. 


SELECT.OUT (Pin 2) 


The SELECT.IN pulse delayed by two clocks. It shall be 
connected to the SELECT.IN pin of the next FSA. It is 
delayed by two clocks because the FSA is a dual 
channel device. Channel A_ shall internally pass 
SELECT.IN to Channel B (delayed by one clock). 


SHIFT.CLK (Pin 15) 


A Controller generated clock signal that shall be used to 
clock data out of the bubble I/O Output Latch to the 
bubble module during a write operation and to cause 
bubble signals to be converted by the Sense Amp and 
clocked into the Bubble I/O Input Latch on a read. 


FUNCTIONAL DESCRIPTION 


The following is a brief description of each block of the 
7242 FSA. 


Serial Communications — The Serial Communications 
block handles all transfers on the Serial Bus and is 
shared by both channels of the FSA. 


Command Decoder — The Command Decoder inter- 
prets commands by the Serial Communication logic and 
sets the appropriate command and enable lines. It also 
maintains FSA status, and generates various reset lines. 


Internal Data Bus — The Internal Data Bus is the main 
data link between the Serial Communications block and 
all other data sources in each half of the FSA. 


1/0 Latches, Flags, and Bus Control — Each channel of 
the FSA has its own Internal Data Bus, on which all data 
transfers are made. There is a Flag and a bidirectional 
Latch in each “I/O Latches — Flag” block. Only one 
Latch is used in a given operation and the Flag tells the 
Bus Controller whether or not the Latch is full. The Bus 
Controller monitors these flags, and- other control 
signals, to determine when each device should have 
access to the Internal Data Bus. When a transfer is to be 
made, the appropriate devices are enabled, the Bus is 
enabled, and the transfer takes place synchronously by 
virtue of a transparent State Machine Sequencer. 


FIFO — The FIFO is a variable length First-In-First-Out 
buffer utilized to store data passing to and from the 
MBM module. The FIFO is logically 272 bits in length in 
the ‘‘no error correction” mode. It is 270 bits in the 
“error correction” mode, since 256 bits of data and a 14 
bit error correction code must be used in this mode of 
operation. 


AFN-01358A 


7242 


The FIFO pointers are reset by hardware or software 
resets or each time a command to read or write is 
received by the Command Decoder. 


If a block length other than 272 bits is used in the no 
error correction mode, the FIFO pointers will not return 
to word zero at the end of each block transfer. This is of 
no consequence if one is not concerned about the 
absolute location of data in the FIFO. Keeping in mind 
that the FIFO is only 272 bits physically, any block 
length may be used up to and including 320. 


Bootstrap Loop Register— The Bootstrap Loop 
Register is a 160-bit register that contains information 
detailing the location of bad loops in the MBM module. 
This data will enable bubble I/O to ensure that bits are 
not loaded in the FIFO from bad loops, or written from 
the FIFO into bad loops. A logic zero (absence of a 
bubble) is written into bad loops. 


Error Correction Logic — The Error Correction Logic 
contains the circuitry to implement a burst error cor- 
recting code capable of correcting any single burst error 
of length equal to or less than 5, anywhere in the 270-bit 
data stream, including the error correction code which 
is 14 bits in length. A Correction Enable bit may be set 
or reset via a special command. When reset, the entire 
error correction network is disabled and block length 
may vary from 270 bits. Error detection shall be accom- 
plished on all data transfers (when enabled); however, 
correction cannot take place unless the FSA is operated 
in a buffered mode (i.e., an entire block is read prior to 
passing any data to the Controller). 


Bubble I/O — The Bubble I/O consists of an integrated 
Sense Amplifier and an output driver. The Sense 
Amplifier consists of a sample-and-hold circuit and a 
differential, chopper stabilized comparator. 


Enables — The ENABLE.A and ENABLE.B outputs are 
utilized as chip selects for external circuitry. To set an 
ENABLE line, the desired channel of the FSA must be 
selected and a Read or Write MBM, Set Enable Bit, 
Initialize, Read Collected Data, or Internally Correct 
Data command is sent. Any other command sequence 
will reset the ENABLE lines. 


COMMANDS 
FSA Commands 


The FSA shall receive a four-bit command word via the 
Serial Bus. In addition, some of the commands require 
additional data bits, e.g., status to be passed serially. 
The four bits shall be interpreted as shown in Table 1. 
The effects on the Status bits, Correction Enable bit, 
and Enable pins are summarized in Table 2. 


The following is a brief description of each command 
available in the 7242 FSA. 


No Operation — Deselects the chip and prevents 
further internal activity (default state for reset, unselec- 
ted or unaddressed channels). Resets the FIFO and 
Bootloop pointers. The Enable pins (ENABLE.A and 
ENABLE.B) become inactive. 


Software Reset — Resets all FIFO and Bootloop 
pointers and flags. Status flags, Error Correction Enable 
bit, error correction shift register, and the Enable pins 
become inactive. 


Initialize — The chip is set to read data from the MBM 
Bootloop and pass it to the Controller. Resets the FIFO 
and Bootloop pointers and the Error Correction Logic, 
and disables the Bootloop register (so that it does not 
interfere with the data flow). The Enable pins become 
active in addressed channels. 


Table 1. Command Code Descriptions 


Description 


No Operation 
(Reserved) 

Software Reset 
Initialize 

Write MBM Data 

Read MBM Data 
Internally Correct Data 
Read Corrected Data 
Write Bootloop Register 
Read Bootloop Register 
(Reserved) 

(Reserved) 

Set Enable Bit 

Read ERR.FLG Status 
Set Correction Enable Bit 
Read Status Register 


Data 


Correction Not 
Enabled Enabled 


None None 

None None 

MBM Bootloop MBM Bootloop 
270 Bits In Variable 

270 Bits Out Variable 

None 

270 Bits Out 
160 Bits In 
160 Bits Out 


160 Bits In 
160 Bits Out 


None None 

1 Bit Out 1 Bit Out 
None None 

8 Bits Out 8 Bits Out 
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Table 2. Command Function Summary 


Command 


Command Description Code 


No Operation 
| Software Reset 
Initialize 

Write MBM Data 

Read MBM Data 
Internally Correct Data 
Read Corrected Data 
Write Bootloop Register 
Read Bootloop Register 
Set Enable Bit 

Read ERR.FLG Status 
Set Error Correction Enable Bit 
Read Status Register 


Write MBM Data — Data input by the Controller is 


written into the good loops in use in the MBM (under 


control of the Bootloop register) each time a SHIFT.CLK 
is received. It also activates the Enable pins and resets 
the FIFO and Bootloop pointers. If the Correction 
Enable bit is set, the FSA computes the correction code 
and appends it to the data stream to be stored in the 
MBM (last 14 of 270 bits). 


Read MBM Data—This command activates the 
ENABLE pins and resets the FIFO and Bootloop 
pointers independent of the state of the Correction 
Enable bit. If the Correction Enable bit is reset, data 
from the MBM, of block length dictated by 2 times the 
number of logic ‘‘1s” in the Bootloop register, is sensed 
and screened by the FSA Sense Amp and Bootloop 
register, and stored in the FIFO. As soon as one bit is 
guaranteed in the FIFO, simultaneous reading from the 
FIFO may be done by the Controller. The FIFO need not 
be emptied after each page is read, but one must insure 
that more than 272 bits of FIFO are not needed at any 
time during the transfer. 


if the Correction Enable is set, data must be read ina 
buffered mode. First, a full block of data is read from the 
MBM. At that point the FIFO contains 270 bits of data. If 
an error is detected by the Error Correction network, the 
FSA raises the UNCORR.ERR and CORR.ERR flags 
which generate an interrupt to the controller. If no error 
is detected, the 270 bits of data may be read from the 
FIFO while simultaneously reading and checking the 
next block of data from the MBM. When an error is 
detected the Controller may respond to the interrupt in 
one of three ways. 


1. Ignore it and try again (must make sure to reset the 
Error Correction shift register before a retry). 


2. Send a Read Corrected Data command to the FSA. 
This command will correct the data stream (if 
possible) and interrupt the Controller when the block 
has been read. At this time the Controller can send a 


Data Flow 
(R/W) 


Reset FIFO 
& Bootloop 
Pointers 


Reset Error 
Correction 


Logic 


Reset Status 


(Errors) Enable 


x KK KK KK KK OX 


x< 


H 
H 
. 
L 
L 
L 
L 
H 
H 
ih 
H 
H 
H 


Read Status command to see if the error was correct- 
able (CORR.ERR) or uncorrectable (UNCORR.ERR). 


3. Send an Internally Correct Data command to the FSA. 
The FSA corrects the data without transferring it to 
the Controller. When finished, the FSA interrupts the 
Controller. At this point it can be determined whether 
or not the error is correctable. If so, a Read Corrected 
Data command may be sent to read the good data. 


Internally Correct Data — Internally cycles the data 
through the error correction network and returns status 
as to whether or not the data is correctable. 


Requires approximately 1400 clock cycles to complete. 
ERR.FLG will be inactive during internal cycling, but will 
return active at its completion. Also activates the 
ENABLE pins and resets the FIFO and Bootloop 
pointers. 


Read Corrected Data — Cycles data through the error 
correction network with each Controller read (SELECT.IN 
at the FSA). At the end of 270 reads, status is available 
to indicate whether or not the data was successfully 
corrected. ERR.FLG acts as in Internally Correct Data. 
This command is required to read data corrected inter- 
nally as well, but has no effect on the data read if it was 
successfully corrected. Activates the ENABLE pins and 
resets the FIFO and Bootloop pointers. 


Write Bootloop Register — Contents of the FSA’s 
Bootloop register are written with 160 bits from the 
Controller. The Controller must read the MBM Bootloop 
first, to determine which loops are good. The number of 
good bits in the 160-bit register is 135 if correction is 
used, and variable up to 160 if operating in the no correc- 
tion mode. ENABLE pins become inactive and the FIFO 
and Bootloop pointers are reset. 


Read Bootloop Register — As above except that data is 
read from the FSA Bootloop to the Controller. 


Set Enable Bit — ENABLE pins become active for ad- 
dressed channels, inactive for unaddressed channels. 
Also resets the FIFO and Bootloop pointers. 
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Read ERR.FLG Status — Reads the composite error 
status for addressed channels of the FSA. (The com- 
posite status is the logic OR of CORR.ERR, UNCORR.ERR 
and TIMER.R. The ERR.FLG pin is the logic NOR of both 
channels’ composite error status; ERR.FLG.A and 
ERR.FLG.B.) ENABLE pins become inactive. 


Set Error Correction Enable Bit — Enables the Error 
Correction Logic in addressed FSAs and disables it in 
unaddressed FSAs. ENABLE pins become inactive and 
FIFO and Bootloop pointers are reset. Furthermore, 
when this enable is set, the corresponding FIFO 
becomes a 270-bit FIFO (logically) instead of a 272-bit 
FIFO as in the no correction mode. 


Read Status Register — The 8-bit Status Word for the 
addressed FSA is output to the Controller. Only one 
FSA channel can be addressed at a time, or bus 
contention may result. ENABLE pins become inactive 
and error flags in the addressed FSA channel are reset. 


SERIAL INTERFACE 


Command Sequence — The FSA communicates with 
the Controller via a Serial Interface. The Controller/FSA 
Interface contains the following signals: 


1. CLK 

. SELECT.IN (Formatter) 

. SELECT.OUT (Formatter) 
. SYNC (Controller) 

DIO 


ONON & WO LW 


» ERALPLG 


Commands from the Controller to the FSA shall take 
place in the following format (see Figure 1). 


. Controller raises C/D flag indicating that a command 


is coming, and simultaneously outputs a SYNC 
pulse. This SYNC pulse is shifted down the FSA 
chain in shift register fashion via the FSA SELECT.IN/ 
SELECT.OUT lines. 


. Controller outputs a serial data stream on the DIO 


line beginning in the clock period following SYNC. 
Each bit in the stream corresponds to an address bit 
for a particular FSA (up to 16 channels). Each FSA, 
upon receiving SELECT.IN, will look for the presence 
or absence of a logic one on DIO in the clock period 
following receipt of SELECT.IN. (A logic one indi- 
cates that the FSA shall accept the command.) 


. Twenty clock periods after the first SYNC, the Con- 


troller sends C/D low followed by a four-bit command 
on the DIO line. 


. If the command is a Read Status command (1111), the 


addressed FSA returns 8 bits of Status starting 4 
clock periods after the last command bit is received. 
Note that the Status is returned during this period for 
any FSA position. Therefore only one FSA channel 
should be addressed at a time to avoid contention. 


. If the command requires further data (see section on 


FSA Commands), more SYNC pulses are sent by the 
Controller. This will occur at integral multiples of 20 
clock periods starting no sooner than 40 clocks after 
the first command SYNC pulse. Some number of 
SYNC periods may pass before the second SYNC to 
allow the FSA to set itself up and get data ready for 
the Controller. There are several possibilities: 


a. For the Read ERR.FLG Status command the 
second SYNC can occur 40 clocks after the first 
SYNC. This SYNC (or SELECT.IN) causes each 
addressed FSA to send the appropriate Status 
information. No further SYNCs (without C/D high) 
should be sent. 


a 20 CLOCK PERIODS —— 20 CLOCK PERIODS med ane 20 CLOCK PERIODS ie 
CLOCK PLL PU nr rT] 


tl re) pe 


SYNC | 


LSB’s 


| ADDRESS WORD | WORD 
16 BITS WORD 
(4 BITS) 


Figure 1. Command Sequences 


— 


DATA 


-— oe - (16 ATA 


NOTE: STATUS INFO IS ONLY PRESENT ON BUS FOR THE READ STATUS COMMAND SEQUENCE. 
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b. For the Read MBM Data (or Initialize) command 
the second SYNC must wait the appropriate 
number of SHIFT.CLOCKs to assure that valid 
data is available in the FIFO. 


After this wait, each addressed FSA channel 
sends one bit of data on the DIO line for each 
SYNC (or SELECT.IN) pulse. 


c. For the Read Bootloop Register command, the 
second SYNC can occur 60 clock cycles after the 
first SYNC. The data transfer then proceeds as in 
b. above. 


d. For the Write MBM Data or Write Bootloop com- 
mands, the DIO line is used to transfer data to the 
FSA on successive SYNC pulses. The first data bit 
can be transferred by a second SYNC pulse, 40 
clock cycles after the first SYNC. (However, data 
to the MBM will not be available at the Dataout 
pins until 40 clock cycles after the SYNC which 
transferred it.) Each transfer to the addressed FSA 
will be initiated by a SYNC (or SELECT.IN). 


6. SYNC (SELECT.IN) precedes the data it transfers by 1 
clock cycle. Data Transfers to or from the FSA’s FIFO 
must contain the proper number of SYNCs (externally 
counted) or a timing error may occur (TIMERR flag 
will be set, causing an interrupt to the Controller). 


Data Sequences — Bubble data shall be passed between 
the Controller and FSAs in the following fashion (see 
Figure 2). 


1. Controller outputs a SYNC pulse. 


2. Each FSA then outputs (inputs) a single bit on DIO 
after SYNC (SELECT.IN) has been clocked into its 
control section. Only previously enabled FSAs output 
(input) data and the Controller must know when to 
input (output) data bits. 


3. After 20 clocks, another SYNC pulse is output and 
the sequence repeats until all data has been trans- 
ferred. 


Error Conditions — Each FSA shall upon detection of 
an error set a Status bit and pull down ERR.FLG. This 
signal can be asynchronous to SYNC. Error Status bits 
shall be: 

1. Correctable Error 


2. Uncorrectable Error 


3. Timing Error 


The Status Word that shall be passed to the Controller 
after receipt of a Read Status command shall be in the 
following format: 


(UNCORRERA) 
UNCORRECTABLE ERROR 


(CORRERR) 
CORRECTABLE ERROR 


SPARE 1 (O”) 
SPARE 2 (“O”) 


een pon FIFO EMPTY (FIFOMT) 


(ECFIF) 
ERROR CORRECTION ENABLE FIFO FULL (FIFOFL) 


NOTE: ERROR FLAGS SHALL BE RESET UPON 
BEING READ BY THE CONTROLLER OR BY A 
SOFTWARE RESET OR INITIALIZE. 


SYNC |_| |_| 


DIO 
DATA TO 1st FSA 


DATA TO 9th FSA 
DATA TO 16th FSA 


Figure 2. Data Sequences 
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BUBBLE INTERFACE Bubble Input latch, and will subsequently be loaded 
into the FIFO. 


Write Timing — The timing for writing a bit from the 
FIFO shall be as follows (see Figure 4): 


1. Controller lowers SHIFT.CLK. 


Bubble Interface — Each Bubble Interface shall consist 
of a DATAOUT signal and a pair of differential inputs 
from the MBM detector bridge. 


Read Timing — The timing for reading a bit from the 


memory shall be as follows (see Figure 3): 2. Data is gated out of FSA by SHIFT.CLK. 
1. Controller outputs a SHIFT.CLK. FSA samples 3. Controller outputs a generate pulse (to external logic; 
bubble signal during SHIFT.CLK and holds signal not to FSA). 
after trailing edge. 4. Controller raises SHIFT.CLK. The DATA.OUT pin is 
2. Trailing edge of SHIFT.CLK initiates signal conver- forced high. 
sion timing. 5. FIFO and Bootloop register are incremented after the 
3. Data is latched at end of conversion period in the leading edge of SHIFT.CLK. 


CLOCK LLL LL 
SHIFT.CLK | SAMPLE | HOLD SIGNAL 
SENSE 
AMP 
TIMING CONVERSION PERIOD 
SIGNALS 
DATA VALID X LATCH DATA 


SET BUBBLE I/O FLAG 


VALID STROBE | | (ONLY WHEN A “GOOD LOOP” 
IS READ) 


Figure 3. Data Read Timing 


CLOCK 


SHIFT.CLK | | 


GENERATE PULSE | | 
VALID STROBE | | CLEAR BUBBLE I/O FLAG 
s (ONLY WHEN A “GOOD LOOP” 
IS WRITTEN) 


INC BLPTR ee INCREMENT BOOTLOOP POINTER 


Figure 4. Write Timing 
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System Timing — The SYNC pulse (which denotes the 
beginning of a data transfer from Controller to 
Formatter or vice-versa) shall be synchronous with the 
beginning of a bubble memory field rotation. Due to 
timing constraints in the FSA, the following statements 
hold: 


1. Data read from the bubble memory into the FSA shall 
not be available to the Controller until 40.clock cycles 
after SHIFT.CLK. 


2. Data cannot be written to the bubble memory until 40 
clock cycles after SYNC (see Figure 5). 


FSA ERROR CORRECTION 


Error Correction — The error correction logic consists 
of a burst error correcting Fire code capable of correc- 
ting 5 or fewer bits in a single burst; the number of 
check bits is 14.* Error correction/detection shall take 
place on each 256-bit data block. The FSA shall set low 
ERR.FLG each time a correctable or uncorrectable error 
is detected. ERR.FLG shall be set high upon being read 


*See “Error-Correcting Codes” by W.W. Peterson and E. J. 
Weldon, Jr., pp. 366-370, M.I.T. Press, 1972. 


by the Controller or by a software reset being issued. 
The polynomial implemented is given below: 


G(X) = 1+ X24 X54 X94 x14. x14 


DATA FORMAT 


Data Format — Data into the FSA from the bubble 
memory shall be in the format described below. The 
following definitions apply: 


0, = data from odd half of bubble device, loop n 
e, = data from even half of bubble device, loop n 


Data Block Format — 
0464016 4026203E2 . . . Ogg&go080€80 


1st bit 320th bit 


When using correction, the first 270 good bits will be 
used; the last 14 of these are to be used for the error 
correcting code. The remaining 50 bits must be masked 
as “bad” bits in the FSA Bootlocp register. 


When operating without correction, any number of bits 
may be used by loading the Bootloop register appro- 
priately. The preferred number is 272 bits, however. 


FIELD 0 60 120 180 240 300 


ROTATION | 
(DEGREES) 


SHIFTCLK | | | 
(WR) 


Figure 5. System Timing 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ............ —10°C to +80°C 
Storage Temperature .............. —65°C to + 150°C 
All Input or Output Voltages and 

Voc Supply Voltage ................. —0.5V to+7V 
Vpp Supply Voltage .................. —0.5V to +14V 
POWG! DISSIDAUOR c6.ccceaw sede nsec set cacaqe asta 1W 


D.C. AND OPERATING CHARACTERISTICS 


Ta=0°C to +70°C, Voc =5.0V+5%, Vpp=12V+5% 


Symbol Parameter 


Vit Input Low Voltage 
Input High Voltage 


V Output Low Voltage 
ee (All Outputs Except SELECT.OUT) 


Output Low Voltage 
(SELECT.OUT) 


< 
= 


Output High Voltage 
(SELECT.OUT) 


VTHR Detector Threshold 


VoHso 


ie | Input Leakage Current 
lor! Output Float Leakage 
loc Power Supply Current from Voc 


Ipp Power Supply Current from Vpp 


V Output High Voltage 
OH (All Outputs Except SELECT.OUT) 
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*COMMENT: Stresses above those listed under 
“Absolute Maximum Ratings’”’ may cause permanent 
damage to the device. This is a stress rating only and 
functional operation of the device at these or any other 
conditions above those indicated in the operational 
sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Sg NB seul eanaions 

| Typ. | Max. 
a 
oe 
p10 A _| 0.45 < Vour < Voc 
20 
ee a ee 
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A.C. CHARACTERISTICS 
Ta=0°C to +70°C, Voc =5.0V + 5%, Vpp= 12V+ 5%, C, =120 pF, unless otherwise noted. 


Po 
iy | Gioor Phase wiath ——~SS~«dt «Ck | OB 


toc___| DIO Setup Time to Clock (Read Mode) | 50 | (| _ns_ 
thn Control Input Hold Time for C/D, pa | | ns 
SELECT.IN and DIO 
co [rer einsomme| Tm Lm 
rom Float 
om [ertnmome fe AE] 
om [enw + EL 
CAPACITANCE 
Ta= 25°C, Vec= OV, f = 1 MHz. 
Symbol_| Parameter | Typ. | Max [Unit | Test Conditions 


*DIO Write Mode. 
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DIO INTERFACE TIMING 


SELECT.IN 


DIO (WRITE) oii nm ™$ i Tl wi ce 
‘SELECT.OUT 
patel 
DIO (READ) Ratio VX vai) 
corr ie 
BUBBLE DATA INTERFACE TIMING 
tcyc 
tscwr, 
SHIFT.CLK tscww 
tscpo tscpo 
aa ———\ 2 
(WRITE) 


$m 
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in PRELIMINARY 


7250 
COIL PRE-DRIVER 
FOR BUBBLE MEMORIES 


= Very Low Power a Only One Power Supply Required, 
+ 12V 
= Power Fail Reset for Maximum 
Protection of Bubble Memory =» CMOS Technology 
a TTL Compatible Inputs = Standard 16-Pin Dual In-Line Package 


The Intel 7250 is a low power Coil Pre-Driver (CPD) for use with Intel Magnetics Bubble Memories. The 7250 is con- 
trolled by the Intel 7220 Bubble Memory Controller (BMC) and directly drives either Quad VMOS transistor packs or 
Quad Bipolar transistor packs which are connected to the coils of the bubble memory. 


The 7250 is a high voltage, high current driver constructed using CMOS technology. The device has TTL compatible in- 
puts and the outputs are designed to drive either low on-resistance VMOS transistors or bipolar transistors. 


The 7250 is in a standard 16-pin dual in-line package. 


BLOCK DIAGRAM 


PIN CONFIGURATION 


* 2x 7254 
DRIVER 
TRANSISTORS 


7220 7110 


Lid 7242 ONE MEGABIT 
6080 ete FORMATTER/ BUBBLE 
2085 MEMORY SENSE 

CONTROLLER MEMORY 
aoee (BMC) AMP UNIT 
8086 (FSA) (MBM) 


7230 
CURRENT 
PULSE 
GENERATOR 
(CPG) 


BPK70 BUBBLE STORAGE SUBSYSTEM 


ee re 


TO 
ADDITIONAL 
BPK70’s 


Block Diagram of Single Bubble Memory System — 128K Bytes 


3-41 


7250 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias ... — 20°C to +80°C 
Storage Temperature ............ —65°C to + 150°C 
Voltage on Any Pin with 

Respect toGround............. — 0.5 to Vpp + 0.5V 
Supply Voltage, Vpp ..... 2... ee eee eee —0.5 to +14V 
Output COmOnt vuccccecccnenecgesssewn newt 250 mA 


(One Output @ 100% Duty Cycle) 


D.C. AND OPERATING CHARACTERISTICS 


*COMMENT: Stresses above those listed under ‘Absolute Maximum 
Ratings” may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


Ta=0°C to 70°C, Vpp= 12V + 5%, unless otherwise specified. 


Limits 
lo Output Sink Current | 200 | | ma Vo_= 2.0V, 30% Duty Cycle 
flew Output Source Current 1.2 BE ee at Vou = Vpp:2.0V, 30% 
Duty Cycle 
lane Supply Current pf] AB Ym Chip Deselected: CS = Vix, 
Vpp = 12.6V 
ines Supply Current pf | mk f= 100 kHz, Vpp = 12.6V, 
Outputs Unloaded 
Outputs Unloaded 
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A.C. CHARACTERISTICS 


Ta=0°C to 70°C, Vpp = 12V + 5%, unless otherwise specified. 


Propagation Delay from X+.IN, 100 500 pF Load 
X—.IN, Y+.IN, Y—.IN 


toe Propagation Delay from CS or 150 500 pF Load 
RESET 


ts Skew Between an Output and 
its Complement 


A.C. TEST CONDITIONS 


INPUT 


OUTPUT 


OUTPUT 


CAPACITANCE* 


(Parameter | min [tym | Max [Unt 
rc 


*This parameter is periodically sampled and is not 100% tested. Condition of measurement is f= 1 MHz, Veias=2V, Vpp = OV, and Ta = 25°C. 


Test Conditions 


eS 
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PIN DESCRIPTION LOGIC DIAGRAM 
CS (Pin 1) 8) 


Chip select. It is active low. When high chip is X+.INQ 


deselected and Ipp is significantly reduced. as ) an >. oe 
RESET (Pin 2) ai 


Active low input from RESET.OUT of 7220 Controller X-.INO 
forces 7250 outputs inactive so that bubble memory is 
protected in the event of power supply failure. 


X+IN, .X—.IN (Pins 3, 4) 


Active low inputs from controller which turn on the high @|| )O 


current X outputs. RESET O 


X — OUT, X — .OUT, X+ .OUT, X + .OUT (Pins 12-15) Y+.1N © 


High current outputs and their complements for driving ost bs 


the gates of the 7254 VMOS quad transistors which in 
turn drive the X coils of the bubble memory. 


Y +.IN, Y —.IN (Pins 5, 6) 
Active low inputs from controller which turn on the high 
current Y outputs. 


Y —.OUT, Y + .OUT, Y + .OUT, Y — .OUT (Pins 9-11 and 7) 


High current outputs and their complements for driving 
the gates of the 7254 VMOS quad transistors which in 
turn drive the Y coils of the bubble memory. 


PACKAGING INFORMATION 


-790 (20.066) 
-750 (19.050) 


_ | 33 
.310 (7.874) 
7265 (6.731) 
—_— 4 


.200 (5.080) 165 (4.191) MAX. 
whe 140 (3.556) | a (8.255) 


a 


SEATING " a 0° 
PLANE 015 MIN. .010 TYP. ! 15° 
125(3.175) 4 (0.381) (0.254) | Z 
min. .110 (2.794) . fe na TYP lle. 020 (0.508) = Piha _| 
090 (2.286) (1.524) 032 TYP. 016 (0.406) REF. 


(0.813) 
16-LEAD HERMETIC DUAL IN-LINE PACKAGE TYPE D 
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7254 
QUAD VMOS DRIVE TRANSISTORS 
FOR BUBBLE MEMORIES 


= Designed to Drive X and Y Coils of a Operates from Vpp Only 
7110 Bubble Memories 


= No Bias Currents Required = VMOS FET Technology 


= Fast Turn-on and Turn-off — 30 ns 


; = N-Channel and P-Channel Transistors 
Maximum 


in the Same Package 


a Built-in Diode Commutates Coil 
Current When Transistor is Turned Off w Standard 14-Pin Dual-In-Line Package 


The 7254 is a quad transistor pack designed to drive the X and Y coils of Intel 7110 Bubble Memories. Two 7254 packages 
are required for each bubble memory device. In atypical application D1 and D4 of a 7254 would be connected to an X input 
of the bubble memory and D2 and D3 would be connected to a Y input. S1 and S3 are grounded and S2 and S4 are tied Vpp. 
Alternatively, one 7254 may be dedicated to driving the Y coil and the other 7254 may be dedicated to driving the X coil. 


PIN CONFIGURATION BLOCK DIAGRAM 


TO 7220 7242 
8080 BUBBLE FORMATTER/ 
8085 MEMORY 
8088 CONTROLLER 
8086 (BMC) 


GENERATOR 
(CPG) 


TO 
ADDITIONAL 
BPK70's 


Block Diagram of Single Bubble Memory System — 128K Bytes 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ............ — 20° to + 80°C 
Storage Temperature ............. — 40° to + 150°C 
Drain Voltage (with respect to 

ate OF SONGS) cca rccecers cei cuwereetarecwe 30V *COMMENT: Stresses above those listed under “Absolute Maximum 
Continuous Drain Current ............c-eccecceee 2A Ratings” may cause permanent damage to the device. This is a stress 

: rating only and functional operation of the device at these or any other 

Peak Drain Current a ae : eo ee 3A conditions above those indicated in the operational sections of this 
Power Dissipation Tp BOG) ci vcwcansv ann ews 1.05W specification is not implied. Exposure to absolute maximum rating 
Power Dissipation (T,a= 25°C) ................ 1.75W conditions for extended periods, may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS 


All Limits Apply for N- and P-Channel transistors, T,=0 to 70°C unless otherwise noted. 


| Limits 
Symbol Parameter Typ. Test Conditions 


ra 
Vath | Gis Sources Vaage a [|v 
Rosh) | Poremaontennarcewow [| 


Note: 1. Pulse test — 80 us pulse, 1% duty cycle, rps increase 0.6%/°C. 
A.C. CHARACTERISTICS 


Ta= 25°C 


N-Channel Turn-On Time aa 
P-Channel Turn-On Time Lo 


Test Conditions 


See Switching 
Time Test Circuit and 
Waveforms below 


torr(N) 


N-Channel Turn-Off Time 
P-Channel Turn-Off Time 


SWITCHING TIME TEST CIRCUIT SWITCHING TIME TEST WAVEFORMS 


Vasion) = + 10V 


TO INPUT 
SAMPLING 
PULSE GENERATOR SCOPE y 
HP215A OR EQUIV. 502 GS(OFF) 
—— INPUT 
| 
| 
| Vps(OFF) 
E OUTPUT 
— — Vpsion) 
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Capacitance 
Ta= 25°C 


Test Conditions 


Parameter [min | te | max [Unit 
N-Channel Input Capacitance ee 
P-Channel Input Capacitance pf | 190 fF 


Ves= 0, Vps= 12V, f= 1 MHz 
Ves= 0, Vps= 12V, f= 1 MHz 


CIRCUIT DIAGRAM 


by -———————I -—————— D, 
N P 

S; S4 

Gi G4 

Go G3 

S2 

D2 ———___+{ _——ee_~, =.” 


PACKAGING INFORMATION 


TOP VIEW 


0.310 (7.87) 
0.275 (6.99) 


0.786 (19.96) 
0.640 (16.26) 


eae U 


Bl OW LI exes 
0. 100 (2. 54) 
SEATING 
PLANE 0.050 (1.27) 
0.020 (0.51) 


poze: 0 0.160 (4.06) 0.012 (0.31) 
0.070 (1.78) 0.110 (2.79 0.125 (3.18) 0.320 (8.13) 0.008 (0.20) 
0. ae 4:5 38) 0.040 (1.02) 0.090 i pe 0.290 (7.37) TYP. 
TYP. TYP. 
TOLERANCE NON-ACCUMULATIVE DIMENSIONS IN INCHES AND (MILLIMETERS) 
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Telephony and Signal 
Processing 


a 


intel 
2910A 


PCM CODEC — yLAW 
8-BIT COMPANDED A/D AND D/A CONVERTER 


Microcomputer* Mode 
or Direct Mode 


2910A-4 Direct Mode Only 


= Per Channel, Single Chip Codec = 78dB Dynamic Range, with Resolution 
Equivalent to 12-Bit Linear Conversion 
= CCITT G711 and G712 Compatible, Around Zero 
ATT T1 Compatible with 8th Bit = +5% Power Supplies: +12V, +5V, 
Signaling —5V 


= Microcomputer Interface with On-Chip ISSIR, OIPCMp vollaye hererence 


Timeslot Computation (2910A) = Low Power Consumption 230 mW Typ. 
Standby Power 33 mW Typ. 
= Simple Direct Mode Interface When = Fabricated with Reliable N-Channel 
Fixed Timeslots are Used MOS Process 


The Intel® 2910A is a fully integrated PCM (Pulse Code Modulation) Codec (Coder-Decoder), fabricated with N-channel 
silicon gate technology. The high density of integration allows the sample and hold circuits, the digital-to-analog 
converter, the comparator and the successive approximation register to be integrated on the same chip, along with the 
logic necessary to interface a full duplex PCM link and provide in-band signaling. 


The primary applications are in telephone systems: 

e Transmission — T1 Carrier 

¢ Switching — Digital PBX’s and Central Office Switching Systems 

¢ Concentration — Subscriber Carrier/Concentrators 
The wide dynamic range of the 2910A (78dB) and the minimal conversion time (8Ousec minimum) make it an ideal 
product for other applications, like: 

e Data Acquisition ®© Secure Communications Systems 
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PIN DESCRIPTION 


Pin No. 
1 
2 


10 


11 
12 
13 
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CAP1x 
CAP2x 


< 
= 
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AUTO 


GRDA 


DD Power 


VFR 


z 
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ili 
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Connects 
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2910A 


Description 


Connections for the transmit 
holding capacitor. Refer to Ap- 
plications section. 


Analog input to be encoded into 
a PCM word. The signal on this 
lead is sampled at the same rate 
as the transmit frame synch- 
ronization pulse FSx, and the 
sample value is held in the ex- 
ternal capacitor connected to 
the CAP1x and CAP2, leads 
until the encoding process is 
completed. 


Most significant bit of the en- 
coded PCM word (+5V for nega- 
tive, —5V for positive inputs). 
Refer to the Codec Applications 
section. 


Analog return common to the 
transmit and receive analog cir- 
cuits. Not connected to GRDD 
internally. 


Signaling output SiGpr is up- 
dated with the 8th bit of the re- 
ceive PCM word on signaling 
frames, and is latched between 
two signaling frames. TTL inter- 
face. 


+12V + 5%; referenced to GRDA. 


Receive PCM highway (serial 
bus) interface. The Codec seri- 
ally receives a PCM word (8 bits) 
through this lead at the proper 
time defined by FSp, CLKr, Dc, 
and CLKc. 


Active high when Codec is in 
the power down state. TTL inter- 
face. Open drain output. 


Analog output. The voltage pres- 
ent on VF Ris the decoded value 
of the PCM word received on 
lead Dp. This value is held con- 
stant between two conversions. 


Recommended practice is to 
strap these NC’s to GRDA. 


Ground return common to the 
logic power supply, Voc. 


Output of the transmit side onto 
the send PCM highway (serial 
bus). The 8-bit PCM word is seri- 
ally sent out on this pin at the 
proper time defined by FSy, 
CLK x, Dc, and CLK¢. TTL three- 
state output. 


4-2 


18 


19 


20 


21 


Description 


Normally high, this signal goes 
low while the Codec is transmit- 
ting an 8-bit PCM word on the 
Dx lead. (Timesiot information 
used for diagnostic purposes 
and also to gate the data on the 
Dy lead.) TTL interface, open 
drain output. 


+5V+5%, referenced to GRDD. 


Master receive clock defining 
the bit rate on the receive PCM 
highway. Typically 1.544Mbps 
for a T1 carrier system. Maxi- 
mum rate 2.1Mbps. 50% duty 
cycle. TTL interface. 


Frame synchronization pulse 
for the receive PCM highway. 
Resets the on-chip timeslot 
counter for the receive side. 
Maximum repetition rate 12 KHz. 
Also used to differentiate be- 
tween non-signaling frames and 
signaling frames for the receive 
side. TTL interface. 


Master transmit clock defining 
the bit rate on the transmit PCM 
highway. Typically 1.544 Mbps 
for a T1 carrier system. Maxi- 
mum rate 2.1Mbps. 50% duty 
cycle. TTL interface. 


Frame synchronization pulse 
for the transmit PCM highway. 
Resets the on-chip timeslot 
counter for the transmit side. 
Maximum repetition rate 12 KHz. 
Also used to differentiate be- 
tween non-signaling frames on 
the transmit side. 


Signaling input. This digital in- 
put is transmitted as the 8th bit 
of the PCM word on the Dy lead, 
on signaling frames. TTL inter- 
face. 


—5V+5%, referenced to GRDA. 


Data input to program the Codec 
for the chosen mode of opera- 
tion. Becomes an active low 
chip select when CLK¢ is tied to 
Voc: TTL interface. 


Clock input to clock in the data 
on the Dc lead when the time- 
slot assignment feature is used; 
tie to Voo to disable this fea- 
ture. TTL interface. 


2910A 


FUNCTIONAL DESCRIPTION 


The 2910A PCM Codec provides the analog-to-digital 
and the digital-to-analog conversions necessary to inter- 
face a full duplex (4 wires) voice telephone circuit with 
the PCM highways of a time division multiplexed (TDM) 
system. 


In a typical telephone system the Codec is used between 
the PCM highways and the line filters. 


The Codec provides two major functions: 


e Encoding and decoding of analog signals (voice and 
call progress tones) 


e Encoding and decoding of the signaling and super- 
vision information 


On a non-signaling frame, the Codec encodes the 
incoming analog signal at the frame rate (FS x) into an 
8-bit PCM word which is sent out on the Dy lead at the 
proper time. Similarly, the Codec fetches an 8-bit PCM 
word from the receive highway (Dp lead) and decodes an 
analog value which will remain constant on lead VFp 
until the next receive frame. Transmit and receive 
frames are independent. They can be asynchronous 
(transmission) or synchronous (switching) with each 
other. 


For channel associated signaling, the Codec transmit 
side will encode the incoming analog signal as 
previously described and substitute the signal present 
on lead SIG, for the least significant bit of the encoded 
PCM word. Similarly, on a receive signaling frame, the 
Codec will decode the 7 most significant bits according 
to the CCITT G733 recommendation and will output the 
least significant bit value on the SIGp lead until the next 
signaling frame. Signaling frames on the send and 
receive sides are independent of each other, and are 
selected by a double-width frame sync pulse on the 
appropriate channel. 


CODEC OPERATION 
Codec Control 


The operation of the 2910A is defined by serially loading 
an 8-bit word through the Dc lead (data) and the CLKc 
lead (clock). The loading is asynchronous with the other 
operations of the Codec, and takes place whenever tran- 
sitions occur on the CLK¢ lead. The Dc input is loaded 
in during the trailing edge of the CLKg input. 


2 3 4 5 6 7 8 
CLK¢ 
Dc a 
BIT1 BIT2 BIT3 BIT4 BITS BITG BIT7 BIT8B 
SELECT ASSIGN X, R 


MODE TIME SLOT: ny, np 


The control word contains two fields: 


Bit 1 and Bit 2 define whether the subsequent 6 bits 
apply to both the transmit and receive side (00), the 
transmit side only (01), the receive side only (10), or 
whether the Codec should go into the standby, power- 
down mode (11). In the last case (11), the following 6 bits 
are irrelevant. 


TELEPHONE SET 


‘i 
PABX /C.0. SWITCHING SYSTEM / CHANNEL BANK 


OFF-HOOK / ROTARY DIAL PULSES 


SUPERVISION 
PROTECTION 


BATTERY 
FEED 


RINGING 


[ are 
RING CONTROL 


Functional Block Diagram of Line Circuit 


The 2910A Codec is intended to be used on line and 
trunk terminations. The call progress tones (dial tone, 
busy tone, ring-back tone, re-order tone), and the pre- 
recorded announcements, can be sent through the 
voice-path; digital signaling (off hook and disconnect 
supervision, rotary dial pulses, ring control) is sent 
through the signaling path. 


Circuitry is provided within the Codec to internally 
define the transmit and receive timeslots. In small 
systems this may eliminate the need for any external 
timeslot exchange; in large systems it provides one 
level of concentration. This feature can be bypassed and 
discrete timeslots sent to each Codec within a system. 


In the power-down mode, most functions of the Codec 
are directly disabled to reduce power dissipation to a 
minimum. 


The last 6 bits of the control word define the timeslot 
assignment, from 000000 (timeslot 1) to 111111 (timeslot 
64). Bit 3 is the most significant bit and bit 8 the least 
significant bit and last into the Codec. 


The Codec will retain the control word (or words) until a 
new word is loaded in or until power is lost. This feature 
permits dynamic allocation of timeslots for switching 
applications. 


PCM HIGHWAYS 


2910A 


Microcomputer Control Mode (2910A) 


In the microcomputer mode, each Codec performs its 
own timeslot computation independently for the trans- 
mit and receive channels by counting clock pulses 
(CLKy and CLKp). All Codecs tied to the same data bus 
receive identical framing pulses (FS, and FSp,). The 
framing pulses reset the on-chip timeslot counters 
every frame; hence the timeslot counters of all devices 
are synchronized. Each Codec is programmed via CLKc 
and Dc for the desired transmit and receive timeslots 
according to the description in the Codec Control 
Section. All Codecs tied to the same Dp bus will, in 
general, have different receive timeslots, although that 
is not a device requirement. There may be separate 
busses for transmit and receive or all Codecs may 
transmit and receive over the same bus, in which case 
the transmit and receive channels must be synchronous 
(CLK, = CLKp.) There are no other restrictions on time- 
slot assignments; a device may have the same transmit 
and receive timeslot even if a single bus is used. 


There are several requirements for using the CLKc-Dc 
interface in the microcomputer mode. 


1. A complete timeslot assignment, consisting of eight 
negative transitions of CLKc, must be made in less 
than one frame period. The assignment can overlap a 
framing pulse so long as all 8 control bits are clocked 
in within a total span of 125yusec (for an 8KHz frame 
rate). CLKc must be left at a TTL low level when not 
assigning a timeslot. 


. A dead period of two frames must always be observed 
between successive timeslot assignments. The two 
frame delay is measured from the rising edge of the 
first CLKe transition of the previous timeslot 
assigned. 


. When the device is in the power-down state a single 
control word will suffice to power-up the Codec and 
make a timeslot assignment. That is, the first 
assignment brings the device out of power-down and 
registers the timeslot information in the lower six 
bits of the control word. 


| XMT TIME SLOT 1 |<. 
FS, IN | 
CLK, IN | 
_Dy OUT 
TS, OUT 
— RCV TIME SLOT 1 — oo 
FSR IN 12 3 1 


XMT TIME SLOT 2 


RCV TIME SLOT 2 


4. Initialization sequence: The device contains an on- 
chip power-on clear function which guarantees that 
with proper sequencing of the supplies (Vcc¢ Or Vpp 
on last), the device will initialize with no timeslot 
assigned to either the transmit or receive channel. 
After a supply failure or whenever the supplies are 
applied, it is recommended that either power down 
assignment be made first, or the first timeslot assign- 
ment be a transmit timeslot or a transmit/receive 
timeslot. The consequence of making a receive time- 
slot assignment first, after supply application, is that 
the transmit channel will assume timeslot 1, poten- 
tially producing bus contention. 


. Transmit only/receive only operation is permitted pro- 
vided that a power down assignment is made first. 
Otherwise, special circuits which use only one chan- 
nel should be physically disconnected from the 
unused bus; this allows a timeslot to be made to an 
unused channel without consequence. 


Example of Microcomputer Control Mode: 


The two words 01000001 and 10000010 have been 
loaded into the Codec. The transmit side is now pro- 
grammed for timeslot 2 and the receive side for time- 
slot 3. The Codec will output a PCM word on the trans- 
mit PCM highway (bus) during the timeslot 2 of the 
transmit frame, and will fetch a PCM word from the 
receive PCM highway during timeslot 3. 


oe SEPARATED BY AT LEAST TWO FRAMES + 


1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 


| rT mM TLE 


10000010 


\ 
! | 
a eam ——— 


In this example the Codec interface to the PCM highway 
then functions as shown below. (FS, and FSp may be 
asynchronous.) 


XMT TIME SLOT 3 


RCV TIME SLOT 3 > | 
{ ' 
' 7 


o,nw JUDD UU UU UU UU UU UU UL 


Dp IN 
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Direct Control Mode 


The direct mode of operation will be selected when the 
CLKc pin is strapped to the +5 volt supply (Vcc). In this 
mode, the Dc pin is an active low chip select. In other 
words, when Dc is low, the device transmits and 
receives in the timeslots which follow the appropriate 
framing pulses. With Dc high the device is in the power 
down state. Even though CLKc characteristics are 
simpler for the 2910A it will operate properly when 
plugged into a 2910 board. 


Deactivation of a channel by removal of the appropriate 
framing pulse (FS, or FSp) is generally not permitted. 
Specifically, framing pulses must be applied for a 


General Control Requirements 


All bit and frame clocks should be applied whenever the 
device is active. In particular, an unused channel cannot 
be deactivated by removal of its associated frame or bit 
clock while the other channel of the same device 
remains active. 


Encoding 


The VF signal to be encoded is input on the VF lead. An 
internal switch samples the signal and the hold function 
is performed by the external capacitor connected to the 
CAP1, and CAP2, leads. The sampling and conversion 


minimum of two frames after a change in state of Dc in 
order for the Dc change to be internally sensed. In 
particular, when entering standby in the direct mode, 
framing pulses must be applied as usual for two frames 
after Dc is brought high. Thereafter, the framing pulses 
could, if desired, be removed until such time as the 
device is to be reactivated by the reapplication of 
framing pulses with Dc low. 


The Codec will enter the direct mode within three frame 
times (375 usec) as measured from the time the device 
power supplies settle to within the specified limits. This 
assumes that CLK¢ is tied to Vcc and that all clocks are 
available at the time the supplies have settled. 


A single channel cannot be deactivated except by 
physical disconnection of the data lead (Dy or Dp) from 
the system data bus. A device (both transmit and receive 
channels) may be deactivated in either control mode by 
powering down the device. Both channels are always 
powered down together. 


is synchronized with the transmit timeslot. The PCM 
word is then output on the Dy, lead at the proper time- 
slot occurrence of the following frame. The A/D 
converter saturates at approximately +2.2 volts RMS 
(+3.1 volts peak). 


06 
FS (24 CHANNEL SYSTEM) 
x 
TIME SLOT 20 —>| |«— TIME SLOT 20» }— 
ae ee ee eg ee rele eee a ee en ala aie Aad dal lk ei 
TSx ayALoS TO DIGITAL CONVERSION : 
VF iene 
| 
A/D CONV. CYCLE 
BOLO TIME D> sameness as Eat 
CAP, ————————————<—3. Sr a 
Decoding 


The PCM word is fetched by the Dp lead from the PCM 
highway at the proper timeslot occurrence. The decoded 
value is held on an internal sample and hold capacitor. 


Signaling 


The duration of the FS, and FSp pulses defines whether 
a frame is an information frame or a signaling frame: 


e A frame synchronization pulse which is a full clock 
period in duration (CLK, period for FSx, CLKr period 
for FSp) designates a non-signaling frame. 


The buffered non-return to zero output signal on the VFr 
lead has a dynamic range of approximately +2.2 volts 
RMS (+3.1 volts peak). 


e A frame synchronization pulse which is two full clock 
periods in duration (two CLK, periods for FSx, two 
CLKrp periods for FS,p) designates a signaling frame. 


On the encoding side, when the FS, pulse is widened, 
the 8th bit of the PCM word will be replaced by the value 
on the SIG, input at the time when the 8th bit is output 
on the Dy, lead. 


arr TSiy 
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On the decoding side, when the FSp pulse is widened, 
the 8th bit of the PCM word is detected and transmitted 
on the SiGp lead. That output is latched until the next 
receiving signaling frame. 


TSi,. ————— 


es 


pe waar Thy —— | 


The remaining 7 bits are decoded according to the value 
given in the CCITT G733 recommendation. The SiGp 
lead is reset to a TTL low level whenever the Codec is in 
the power-down state. 


192 le —————— TSnpg —- P< 
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T1 Framing 


The Codec will accept the standard D3/D4 framing 
format of 193 clock pulses per frame (equivalent to 


Standby Mode — Power Down 


To minimize power consumption and heat dissipation a 
standby mode is provided where all Codec functions are 
disabled except for Dc and CLK¢ leads. These allow the 
Codec to be reactivated. In the microcomputer mode the 
Codec is placed into standby by loading a control word 
(Dc) with a “1” in bits 1 and 2 locations. In the direct 
mode when Dg is brought high, the all ‘“1’s” control 
word is internally transferred to the control register, 


Power-On Clear 


Whether the device is used in the direct or microcom- 
puter mode, an internal reset (power-on clear) is 
generated, forcing the device into the power down state, 
when power is supplied by any of the following 
methods. (1) Device power supplies are turned on ina 
system power-up situation where either Voc Or Vpp is 
applied last. (2) A large supply transient causes either of 
the two positive supplies to drop to less than approxi- 
mately 2 volts. (3) A board containing Codecs is plugged 
into a “hot” system where Vcc Or Vpp is the last contact 


Precision Voltage Reference for the 
D/A Converter 


The voltage reference is generated on the chip and is 
calibrated during the manufacturing process. The 
technique uses the difference in sub-surface charge 
density between two suitably implanted MOS devices to 
derive a temperature stable and bias stable reference 
voltage. 


REC. SIGNAL FRAME 


SIGR 
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CLKy, CLKp of 1.544Mb/sec). However, the 193rd bit 
may be blanked (equivalent to CLKyx, CLKpr of 
1.536 Mb/sec) if desired. 


invoking the standby condition. 


While in the standby mode, the Dy output is actively 
held in a high impedance state to guarantee that the 
PCM bus will not be driven. The SIGp output is held low 
to provide a known condition and remains this way upon 
activation until it is changed by signaling. 


The power consumption in the standby mode is typically 
33 mW. 


made. It may be necessary to trim back the edge 
connector pins or fingers On Voc Or Vpp relative to the 
other supply to guarantee that the power-on clear will 
operate properly when a board is plugged into a “hot” 
system. Furthermore, the Codec will inhibit activity on 
TS, and Dy during the application of power supplies. 


The device is also tolerant of transients in the negative 
supply (Vgg) SO long as Vgg remains more negative than 
—3.5 volts. Vgg transients which exceed this level 
should be detected and followed by a system reinitial- 
ization. 


A gain setting op amp, programmed during manufac- 
turing, ‘‘trims” the reference voltage source to the final 
precision voltage reference value provided to the D/A 
converter. The precision voltage reference determines 
the initial gain and dynamic range characteristics 
described in the A.C. Transmission Specification 
section. 


2910A 


p-Law Conversion 


y-law represents a particular implementation of a piece- 
wise linear approximation to a logarithmic compression 
curve which is: 


F(x) = Sgn(x) ee O< |x| <1 


where x = input signal 


Sgn(x) = sign of input signal 
u= 255 (defined by AT&T) 


The 2910A p= 255 law Codec uses a 15 segment approx- 
imation to the logarithmic law. Each segment consists 
of 16 steps. In adjacent segments the step sizes are ina 
ratio of two to one. Within each segment the step size is 
constant except for the first step of the first segment of 
the encoder, as indicated in the attached table. The 
Output levels are midway between the corresponding 
decision levels. The output levels y, are related to the 
input levels x, by the expression: 


Xn+ xX 
ye for1<n< 127 
Yo=Xo=0 forn=0 


These relationships are implicit in the attached table. 


CODER TRANSFER CHARACTERISTIC 
(A/D CONVERSION) 


DIGITAL 
OUTPUT 


ANALOG 
INPUT 


CODEC TRANSFER CHARACTERISTIC 


DECODER TRANSFER CHARACTERISTIC 
(D/A CONVERSION) 


ANALOG 
OUTPUT 


DIGITAL 
INPUT 


During signaling frames, a 7-bit transfer characteristic 
is implemented in the decoder. This characteristic is 
derived from the decoder values in the attached table by 
assuming a value of ‘'1” for the LSB (8th bit) and shifting 
the decoder transfer characteristic one half-step away 
from the origin. For example, the maximum decoder 
Output level for signaling frames has normalized value 
7903, whereas it has value 8031 in normal (non- 
signaling) frames. 


2910A 


Theoretical y-Law — Positive Input Values (for Negative Input Values, Invert Bit 1) 


Se Rl (sls es oe 


Value Normalized Decoder 
Segment No. of Steps | at Segment Value Output 
at Decoder Value 
Output y,‘ Number 


Decision 
Value 
Number n 


Number x Step Size End 
Points 


msB Bit Number isB 
12345678 


ene ee 81595 (128) (8159) Paneer 
10000000 8031 127 
127 7903 | 
| | | | | 
16 x 256 : | (see Note 2) : . 
| 
| | | 
113 4319 | 
4063 112 4063 l 
| | | 
7 16x 128 , (see Note 2) : 
| 
97 2143 | l 
2015 96 2015 
| | | | | 
6 16x64 : (see Note 2) | : 
| 
81 1055 | 
991 80 991 
| | 
5 16 x 32 , . (see Note 2) 7 ) 
| | | 
65 511 
479 64 479 ) 
| | | 
4 16x 16 : | (see Note 2) | . 
| l 
49 239 | 
11001111 231 48 
223 48 223 l 
| | 
3 16x 8 : : (see Note 2) : , 
| | l 
33 103 l 
95 32 95 l 
: 
2 16x 4 : | (see Note 2) | | 
| | | 
| 
17 35 
31 16 31 
| | 
15x 2 | . (see Note 2) | : 
| | | 
2 3 l 
. : 

pees bates 

0 0 0 0 


Notes: 
1. 8159 normalized value units correspond to the value of the on-chip voltage reference. 


2. The PCM word corresponding to positive input values between two successive decision values numbered n and n + 1 (see column 4) 
is (255 —n) expressed as a binary number. 


. The PCM word on the highways is the same as the one shown in column 6. 


. The voltage output on the VFR lead is equal to the normalized value given in the table, augmented by an offset. The offset value is 
approximately 15 mV. 


. X12g iS a virtual decision value. 


& © 
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APPLICATIONS 


Circuit Interface — 
Without External Auto Zero 


— —l 


2912A FILTER 


| 

| 

| 

! | 

Fs cll eatin einai hdl sini al 
GRDA 


Holding Capacitor 


For an 8KHz sampling system the transmit holding 
capacitor CAP, should be 2000 pF + 20%. 


Auto Zero 


The 2910A contains a transparent on-chip auto zero plus 
a device pin for implementing a sign-bit driven external 
auto zero feedback loop. The on-chip auto zero reduces 
the input offset voltage of the encoder (VF) to less than 
3mV. For most telephony applications, this input offset 
is perfectly acceptable, since it insures the encoder is 
biased in the lower 25% of the first segment. 


Where lower input offset is required the external auto 
zero loop may be used to bias the encoder exactly at the 
zero crossing point. The consequence of the external 
auto zero loop, aside from extra components, is the 
addition of the dithering auto-zero signal to the input 
signal, resulting in slightly higher idle channel noise 
(approximately 2dB) than when the external loop is not 
used. Consequently, where the application permits, it is 
recommended that the external auto zero loop not be 
used. 


The circuit interface without external auto zero shows a 
possible connection between VF, and AUTO leads with 


Circuit Interface — 
With External Auto Zero 


ENCODER 
FILTER 


VFxo 


the recommended values of C;=0.1yuF and R;= 150 KQ. 
The circuit interface with auto zero drawing shows a 
possible connection between the VFy and AUTO leads 
with the recommended values of C;=0.3yuF, R;, 
= 150 KQ, Ro = 3302, and R3= 470 K2. 


Filters Interface 


The filters may be interfaced as shown in the circuit 
interface diagrams. Note that the output pulse stream is 
of the non-return-to-zero type and hence requires the 
(sin x)/x correction provided by the 2912A filter. 


Dx Buffering 


For higher drive capability or increased system reli- 
ability it may be desirable that the Dy output of a group 
of Codecs be buffered from the system PCM bus with an 
external three-state or open collector buffers. A buffer 
can be enabled with the appropriate Codec generated 
TS x signal or signals. TSx signal may also be used to 
activate external zero code suppression logic, since the 
occurrence of an active state of any TSy implies the 
existence of PCM voice bits (as opposed to transparent 
data bits) on the bus. 


2910A 


Grounding, Decoupling, and Layout 
Recommendations 


The most important steps in designing a low noise line 
card are to insure that the layout of the circuit com- 
ponents and traces results ina minimum of cross coup- 
ling between analog and digital signals, and to provide 
well bypassed and clean power supplies, solid ground 
planes, and minimal lead lengths between components. 


Vs 


10. 


ik 


All power source leads should be bypassed to 
ground on each printed circuit board (PCB), on 
which codecs are provided. At least one electrolytic 
bypass capacitor (at least 10 uF) per board is recom- 
mended at the point where all power traces from the 
codecs and filters join prior to interfacing with the 
edge connector pins assigned to the power leads. 


. When using two-sided PCBs, use both correspond- 


ing pins on opposite sides of the board for the same 
power lead. Strap them together both on the PCB 
and on the back of the edge connector. 


. Lay out the traces on codec- and filter-equipped 


boards such that analog signal and capacitor leads 
from the digital clock and data leads are separated 
as widely as possible. 


. Connect the codec sample and hold capacitor with 


the shortest leads possible. Mount them as close to 
the device pins as can be achieved. Shield the 
capacitor traces with analog ground. 


. Do not lay out any board traces (especially digital) 


that pass between or near the leads of the sample 
and hold capacitor(s) since they are in high imped- 
ance circuits which are sensitive to noise coupling. 


. Keep analog voice circuit leads paired on their 


layouts so that no intervening circuit leads are 
permitted to run parallel to them and/or between 
them. 


. Arrange the layout for each duplicated line, trunk or 


channel circuit in identical form. 


. Line circuits mounted extremely close to adjacent 


line circuits increase the possibility of interchannel 
crosstalk. 


. Avoid assignment of edge connector pins to any 


analog signal adjacent to any lead carrying digital 
(periodic) signa!s or power. 


The optimum grounding configuration is to maintain 
separate digital and analog grounds on the circuit 
boards, and to carry these grounds back to the 
power supply with a low impedance connection. 
This keeps the grounds separate over the entire 
system except at the power supply. 


The voltage difference between ground leads GRDA 
and GRDD (analog and digital ground) should not 
exceed two volts. One method of preventing any 
substantial voltage difference between leads GRDA 
and GRDD is to connect two diodes back to back in 
opposite directions across these two ground leads 
on each board. An additional or alternate method of 
suppressing ground lead noise is to bridge a RF 
choke of about 1 to 2uH or greater, as space allows, 
between leads GRDA and GRDD on each board. 


12. 


13. 


14. 


15. 


fe 


18. 
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Codec-filter pairs should be aligned so that pins 9 
through 16 of the filter face pins 1 through 12 of the 
codec. This minimizes the distance for analog con- 
nections between devices and with no crossing 
analog lines. 


No digital or high voltage level (such as ringing sup- 
ply) lines should run under or in parallel with these 
analog VF connections. If the analog lines are on the 
top (component side) of the PC board, then GRDD, 
GRDA, or power supply leads should be directly 
under them, on the bottom to prevent analog/digital 
coupling. 

Both the codec and filter devices should be shielded 
from traces on the bottom of the PCB by using 
ground or power supply leads on the top side 
directly under the device (like a ground plane). 


Two +5 volt power supply leads (Vcc) should be 
used on each PCB, one to the filters, the other to the 
codecs. These leads should be separately decoupled 
at the PCB where they then join to a single 5 volt 
supply at the backplane connector. Decoupling can 
be accomplished with either a series resistor/ 
parallel capacitor (RC lowpass) or a series RF choke 
and parallel capacitor for each 5voilt lead. The 
capacitor should be at least 10uF in parallel with a 
0.1uF ceramic. This filters both high and low 
frequencies and accommodates large current 
spikes due to switching. 


. Both grounds and power supply leads must have low 


resistance and inductance. This should be accom- 
plished by using a ground plane whenever possible. 
When narrower traces must be used, a minimum 
width of 4 millimeters should be maintained. Either 
multiple or extra large plated through holes should 
be used when passing the ground connections 
through the PCB. 


The 2912A PCM filter should have all power sup- 
plies bypassed to analog ground (GRDA). The 2910A 
Codec +5V power supplies should be bypassed to 
the digital ground (GRDD). This is appropriate when 
separate + 5V power supply leads are used as Sug- 
gested in item 15. The —5V and +12V supplies 
should be bypassed to analog ground (GRDA). 
Bypass capacitors at each device should be high 
frequency capacitors of approximately 0.1 to 1.0 uF 
value. Their lead lengths should be minimized by 
routing the capacitor leads to the appropriate 
ground plane under the device (either GRDA or 
GRDD). 


Relay operation, ring voltage application, interrup- 
tions, and loop current surges can produce enor- 
mous transients. Leads carrying such signals must 
be routed well away from both analog and digital 
circuits on the line card and in backplanes. Lead 
pairs carrying current surges should be routed 
closely together to minimize possible inductive 
coupling. The microcomputer clock lead is particu- 
larly vulnerable, and should be buffered. Care should 
also be used in the backplane layout to prevent pick- 
up surges. Any other latching components (relay 
buffers, etc.) should also be protected from surges. 


2910A 


Absolute Maximum Ratings* 


Temperature Under Bias ............ — 10°C to +80°C Vcc, Vpp, GRDD, and GRDA with Respect 

Storage Temperature .............. —65°C to + 150°C TO Veg sess nceeenecneweesenewns — 0.3V to + 20V 

All Input or Output Voltages with Power DIssipauion. «2s ciscs vine ce eceecvawe nas 1.35W 
Respect to Vag ........ ee eee eeeaes -—0.3V to +20V 


*Comment: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or any other conditions above those indicated in the operational sec- 
tions of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 


D.C. and Operating Characteristics 
Ta=0°C to +70°C, Vop = +12V4+5%, Voo=+5V+5%, Vag=—-5V+5%, GRDA=0V, GRDD=OV, unless otherwise specified. 


| Limits 
Symbol Parameter Test Conditions 
: Parmeter Typ ae] va 


DIGITAL INTERFACE 


p20 | 
Vo. |Output Low Voltage V Dx, lop = 4.0MA 
S!IGpr, lop =0.5mMA 
TSx, lo, = 3.2mA, open drain 
PDN, lo. = 1.6 mA, open drain 
Von |jOutput High Voltage V Dy, lon = 15MA 

S!IGp, loy = 0.08MA 


ANALOG INTERFACE 


Input Impedance when Sampling, VF x 125 300 in series with CAP, to GRDA, 
-3.1V< Vin < 3.1V 

Small Signal Output Impedance, VFr | 100 | 180 | 300 | @ | -3.1V < Voyt < 3.1V 

Output Offset Voltage at VFr CLs ee 5.2 Se all “1s” code sent to Dr 


produce all “1s” code at Dy 
POWER DISSIPATION 
Stensbycuren’——SSSC*dSCSCSC“‘izt;( Ta 
Sterabycurent———S*dSSC*dtC 70 | ma 
StandbyCuren’———SSS«Y Stas 
a a 
a 
a 


Ippo 


loco 


IBBO 


clock frequency = 2.048 MHz 


Operating Current 
Operating Current 


Notes: 
1. Typical values are for Ta = 25°C and nominal power supply values. 
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2910A 


A.C. Characteristics 


Ta=0°C to +70°C, Vpp= +12V+5%, Voc =+5V+5%, Vag=—-5V+5%, GRDA=0V, GRDD=OV, unless otherwise specified. 


et Soran 
—_ | Min | Typ! | 


TRANSMISSION (any two Codecs, end-to-end, unless otherwise specified) 


S$/D Signal/Total Distortion Ratio, Fig. 1 | Fig. 1 
C-Message Weighted (see Figure 1) 


S/D —_|Signal/Total Distortion Ratio, 
C-Message Weighted (half-channel)? 
(see Figure 1) 


Qa 
ie] 


AG Gain Tracking Error (See Figure 2) 


a. 
ow 


AG Gain Tracking Error (half-channel)? 
(see Figure 2) 


Nici |Idle Channel Noise, C-Message 10 
Weighted 


dBrncO 


dBrncO 


Ss 2 o 
© b 


Qa a Qa ;}a 


Nic2 |Idle Channel Noise, C-Message 10 13 
Weighted 


HD Harmonic Distortion (2nd or 3rd) 


IMD Intermodulation Distortion 


ist 
188] 
Vi 


Test Conditions 


VFx= 1.02 KHz, sinusoid 


VFx = 1.02 KHz, sinusoid 


VFx= 1.02 KHz, sinusoid 
—37dBm0 < VFy < 0dBm0 


~50dBm0 < VFx < —37dBm0 
—55dBm0 < VFx < —50dBm0 


VFx= 1.02 KHz, sinusoid 
—37dBm0 < VFy < 0dBm0 


—50dBm0 < VFx < —37dBm0 
—55dBm0 < VFy < —50dBm0 


no signaling® 


with 6th and 12th frame 
signaling® 


VFx= 1.02 KHz, 0dBm0O; 
measured at decoder output 
VFR 


4-tone stimulus in 


2nd Order — 45 accordance with BSTR 
3rd Order — 55 dB PUB 41009 
AG 
2910A END-TO-END SPEC 
2.4 AT&T D3 CHANNEL 
oO BANK COMPATIBILITY 
z= 2 SPECIFICATION 
° (ISSUE 3-10-77) 
e 
< | 
oc L NX 
= 1.2 _—_— — \ 
2 F N N 
E 0.8 eee Real : 
ce) | SN SN 
2 AT&T 0.4 L_ — — $2» 
ja) 
- D3 CHANNEL BANK 0.2 Lee we ———-4 INPUT 
< COMPATIBILITY 0 LEVEL 
S SPECIFICATION -0.2 —55 —50 <r =| ——-9 gBmo 
5 sone *s a -0.4 —"" 9 A i i. 
Fa 0.8 | NSS SN 
a = 
-1.2 a — 
| 
| 
| 2910A 
=f 2 CHANNEL 
TYPICAL 


-45 -40 -30 -20 -10 0 


INPUT LEVEL (dBm0O) 


Figure 2. Gain Tracking Error (AG) vs Signal 


Figure 1. Signal/Total Distortion Ratio Level 0 dBmO 
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A.C. Characteristics (continued 
Ta=0°C to +70°C, Vpp= +12V+5%, Voc =+5V+5%, Vag=—-5V+5%, GRDA=0V, GRDD=OV, unless otherwise specified. 


Symbol Parameter Min | Typ’ | Test Conditions 
Typ’ | Max_ 


GAIN AND DYNAMIC RANGE 


DmW Digital Milliwatt Response 5.53 5.73 | dBm | 23°C, nominal supplies’ 
DmW;|DmW Variation with Temperature | 0.001 }= 0.002 dB/°C | relative to 23°C4 


DmWs|DmWo Variation with Supplies a supplies +5%‘* 


Air Input Dynamic Range ) 217 | 220 | 223 | Vrms using D.C. and A.C. tests® 


Aint |Input Dynamic Range with MVrpms/ °C | relative to 23°C 
Temperature 
Airs |Input Dynamic Range with Supplies pf | £18 | Vans | supplies +5% 


Aor |Output Dynamic Range, VFR 2.13 2.19 Vrms 23°C, nominal supplies 


Aort |Aor Variation with Temperature pf | 05 MVpmsg/ °C | relative to 23°C 
Aors_ |Aor Variation with Supplies [ae +18 | mMVams | supplies +5% 


SUPPLY REJECTION AND CROSSTALK 


PSRR, i i decoder alone® 


| dB decoder alone® 


PSRR2|Vgp Power Supply Rejection Ratio 


PSRR3|/Vcc Power Supply Rejection Ratio decoder alone® 


PSRR,4|Vpp Power Supply Rejection Ratio encoder alone’ 


so of | 
sf 
so fo] 
so fo] 
PSRRs|Vpp Power Supply Rejection Ratio | 4] dB encoder alone’ 
so ff 
7 | eo | 
75 | 8 | 


PSRRe6|Vcc Power Supply Rejection Ratio dB encoder alone’ 


CTr_ {Crosstalk Isolation, Receive Side see Note 8 


CT; |Crosstalk Isolation, Transmit Side see Note 9 


CAPX i 1600 2000 | 2400 pF 


Notes: 

1. Typical values are for T, = 25°C and nominal power supply values. 

Measured in one direction, either decoder or encoder and an ideal device. 

If the external auto-zero is used Nic; has a typical value of 8 dBrncO and Nic has a typical value of 13 dBrnco. 

Dp of Device Under Test (D.U.T.) driven with repetitive digital word sequence specified in CCITT recommendation G.711. Measurement made at VFp 
output. 

With the D.C. method the positive and negative clipping levels are measured and Aj, is calculated. With the A.C. method a sinusoidal input signal to 
VFy is used where Ajp is measured directly. 


D.U.T. decoder; impose 200 mVp.p, 1.02 KHz on appropriate supply; measurement made at decoder output; decoder in idle channel conditions. 
D.U.T. encoder; impose 200 MVp.p, 1.02 KHz on appropriate supply; measurement made at encoder output; encoder in idle channel conditions. 
VFy of D.U.T. encoder = 1.02 KHz, 0 dBm0. Decoder under quiet channel conditions; measurement made at decoder output. 
VF, =0 Vrms. Decoder = 1.02 KHz, 0 dBm0. Encoder under quiet channel conditions; measurement made at encoder output. 


> < 
ie o 
Cc iw] 
os 

= 
2 2 
3 © 
O ms | 
D ep) 
. c 
S aS 
7 = 

D 
2. D 
oo. © 
9 s 

re) 
zB 5 
= D 
5 » 
~ ro) 


yf 


I 


Oo MND 
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2910A 


A.C. Characteristics — Timing Specification 
Ta=0°C to +70°C, Vop= +12V 45%, Voc=+5V+5%, Veag=—-5V+5%, GRDA=0V, GRDD=OV, unless otherwise specified. 


Limits 


Comments 


CLOCK SECTION 


CLK x, CLKp (2.048 MHz systems), CLKc 
CLKx, CLKr, CLKc 

CLKx, CLKpr, CLKc 

% CLKx, CLKp 


tcpc Clock Duty Cycle (tcLK + tcy) | 45 | 55 


TRANSMIT SECTION 


© 
i) 


tvex Analog Input Conversion timeslot | from leading edge of transmit timeslot’ 


tpzx Data Enabled on TS Entry 0 < CLoap < 100 pF 


tpHx Data Hold Time 


| 230 0 < Croan < 100pF 
tux | Data Float on TS Exit | 75 | 245 Cisne 


tson Timesiot X to Enable 0 < CLoap < 100 pF 


tsorr | Timeslot X to Disable 


| 50 
| 
Le | 
tss Signal Setup Time pO 
ef 
pe 


75 
30 
70 CLoap= 9 
tsH Signal Hold Time 100 
15 
15 
100 
100 


relative to bit 7 falling edge 


relative to bit 8 falling edge 


tesp Frame Sync Delay 
RECEIVE AND CONTROL SECTIONS 


Notes: 


1. The 20 timeslot minimum insures that the complete A/D conversion will take place under any combination of receive interrupt or 
asynchronous operation of the Codec. If the transmit channel only is operated, the A/D conversion can be completed in a 
minimum of 11 timeslots. Refer to the Codec Control General Requirement section for instructions on setting a channel in an idle 
condition. 


from leading edge of the channel timeslot 


us from trailing edge of the channel timeslot 


Microcomputer mode only 


180 
230 
245 
220 
mm 
rane 
_ 
— 
— 
a 


Microcomputer mode only 
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TIMING WAVEFORMS! 
TRANSMIT TIMING 


—- TIMESLOT 1 


FS, 
NON-SIGNALING 
FRAME 


FS, 


SIGNALING 
FRAMES 


TIMESLOT N 


tess | tHzx 


a OO Cr i a a i cD ae. 


ia ‘SON 'SOFF 


tgs = tsH 


' DON'T 
SIGy DON’T CARE VALID CARE 


RECEIVE TIMING 


tev —_ie- oe _— - —-— ——_—. 
+ — +/+ tcLk 
CLK, } 
| 


; | y | 
> }— 'Fsp —e \«—'rsp | ty 


FSp | 
NON-SIGNALING } 
FRA 
"rsp 
| 


MES 
_— = "es0 ai 


SIGNALING 


FRAMES 


TIMESLOT 1 


TIMESLOT N =n cage anareiemingmeaaaaainamagie rcieiainaaiaaiaaiad 
| 


Notes: 1. All timing parameters referenced to 1.5V, except tyzx and tsor¢¢ which reference a high impedance state. 
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intel 2911A 
PCM CODEC — A LAW 
8-BIT COMPANDED A/D AND D/A CONVERTER 


Microcomputer* Mode 
or Direct Mode 


2911A-2 | Direct Mode Only 


= Per Channel, Single Chip Codec =» 66 dB Dynamic Range, with Resolution 
: Equivalent to 11-Bit Linear Conversion 
a CCITT G711 and G732 Compatible, Around Zero 


Even Order Bits Inversion Included = +5% Power Supplies: +12V, +5V, —5V 


= Microcomputer Interface with u Precision On-Chip Voltage Reference 
On-Chip Time-Slot Computation = Low Power Consumption 230 mW Typ. 


(2911-1) Standby Power 33 mW Typ. 
= Simple Direct Mode Interface When a Fabricated with Reliable N-Channel 
Fixed Timeslots Are Used MOS Process 


The Intel® 2911A is a fully integrated PCM (Pulse Code Modulation) Codec (Coder-Decoder), fabricated with N-channel 
silicon gate technology. The high density of integration allows the sample and hold circuits, the digital-to-analog 
converter, the comparator and the successive approximation register to be integrated on the same chip, along with the 
logic necessary to interface a full duplex PCM link. 


The primary applications are in telephone systems: 


e Transmission — 30/32 Channel Systems at 2.048 Mbps 

¢ Switching — Digital PBX’s and Central Office Switching Systems 

e Concentration — Subscriber Carrier/Concentrators 
The wide dynamic range of the 2911A (66dB) and the minimal conversion time (80sec minimum) make it an ideal 
product for other applications, like: 

e Data Acquisition © Secure Communications Systems 


e Telemetry ¢ Signal Processing Systems 
*Microcomputer mode is explained on page 4. 


PIN CONFIGURATION BLOCK DIAGRAM 


TRANSMIT SECTION A/D 


SUCCESSIVE 
APPROXIMATION 
REGISTER 


SAMPLE 
& 
HOLD 


CONTROL SECTION i Fe 
CONTROL 
VREF DAC MUX 


ae 


REGISTER 


| PON Power Down 
[era | Analog Ground _ 
[——er00 | Digital Ground — 


PIN NAMES 


GRDA GRDD Vep Vec Vop 


C) PIN NUMBER 6) 42) (5) ©) 


PIN DESCRIPTION 


Description 


Connections for the transmit 


1 
holding capacitor. Refer to Ap- 
2 CAP2x plications section. 


3 VFx Analog input to be encoded into 
a PCM word. The signal on this 
lead is sampled at the same rate 
as the transmit frame synch- 
ronization pulse FSy, and the 
sample value is held in the ex- 
ternal capacitor connected to 
the CAP1x and CAP2, leads 
until the encoding process is 
completed. 


4 AUTO Most significant bit of the en- 
coded PCM word (+5V for nega- 
tive, —5V for positive values). 
Refer to the Codec Applications 
section. 


Analog return common to the 
transmit and receive analog cir- 
cuits. Not connected to GRDD 
internally. 


+12V+5%; referenced to GRDA. 


Receive PCM highway (serial 
bus) interface. The Codec seri- 
ally receives a PCM word (8 bits) 
through this lead at the proper 
time defined by FSp, CLKr, Do, 
and CLKc. 


Active high when the Codec is 
in the power down mode. TTL 
interface. Open drain output. 


a 


fe) 
7 
Oo 
Oo 
vU 
°o 
J 
@O 
nm 


~ 


foe] 


Analog Output. The voltage 
present on VFR is the decoded 
value of the PCM word received 
on lead Dr. This value is held 
constant between two conver- 
sions. 


ie) 

< 

a 
x 


Recommended practice is to 


strap these NC’s to GRDA. 


fe) 
11 Connects 


Ground return common to the 
logic power supply; Voc. 


13 Dy Output of the transmit side onto 
the send PCM highway (serial 
bus). The 8-bit PCM word is seri- 
ally sent out on this pin at the 
proper time defined by FSy, 
CLKx, Dc, and CLKe. TTL three- 
state output. 
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VW 


18 


19 


20 
21 


22 


Description 


Normally high, this signal goes 
low while the Codec is transmit- 
ting an 8-bit PCM word on the 
Dy lead. (Timeslot information 
used for diagnostic purposes 
and also to gate the data on the 
Dy lead.) TTL interface, open 
drain output. 


+5V+5%, referenced to GRDD. 


Master receive clock defining 
the bit rate on the receive PCM 
highway. Typically 2.048 Mbps 
for a carrier system. Maximum 
rate 2.1Mbps. 50% duty cycle. 
TTL compatible. 


Frame synchronization pulse 
for the receive PCM highway. 
Resets the on-chip timeslot 
counter for the receive side. 
Maximum repetition rate 12 KHz. 
TTL interface. 


Master transmit clock defining 
the bit rate on the transmit PCM 
highway. Typically 2.048 Mbps 
for a carrier system. Maximum 
rate 2.1Mbps. 50% duty cycle. 
TTL interface. 


Frame synchronization pulse 
for the transmit PCM highway. 
Resets the on-chip timeslot 
counter for the transmit side. 
Maximum repetition rate 12 KHz. 
TTL interface. 


—5V+5%, referenced to GRDA. 


Data input to program the Codec 
for the chosen mode of opera- 
tion. Becomes an active low 
chip select when CLK¢ is tied to 
Voc: TTL interface. 


Clock input to clock in the data 
on the Dc lead when the time- 
slot assignment feature is used; 
tied to Voc to disable this fea- 
ture. TTL interface. 


2911A 


FUNCTIONAL DESCRIPTION 


The 2911A PCM Codec provides the analog-to-digital 
and the digital-to-analog conversions necessary to inter- 
face a full duplex (4 wires) voice telephone circuit with 
the PCM highways of a time division multiplexed (TDM) 
system. The Codec is intended to be used on line and 
trunk terminations. 


In a typical telephone system the Codec is located 
between the PCM highways and the channel filters. 


The Codec encodes the incoming analog signal at the 
frame rate (FS,) into an 8-bit PCM word which is sent 
out on the Dy lead at the proper time. Similarly, on the 
receive link, the Codec fetches an 8-bit PCM word from 
the receive highway (Dp lead) and decodes an analog 
value which will remain constant on lead VFR until the 
next receive frame. Transmit and receive frames are 
independent. They can be asynchronous (transmission) 
or synchronous (switching) with each other. 


Circuitry is provided within the Codec to internally 
define the transmit and receive timeslots. In small 
systems this may eliminate the need for any external 
timeslot exchange; in large systems it provides one 
level of concentration. This feature can be bypassed and 


CODEC OPERATION 


Codec Control 


The operation of the 2911A is defined by serially loading 
an 8-bit word through the Dc lead (data) and the CLKc 
lead (clock). The loading is asynchronous with the other 
operations of the Codec, and takes place whenever tran- 
sitions occur on the CLKg lead. The D¢ input is loaded 
in during the trailing edge of the CLKg input. 


CLK 


BIT1 BIT2 BIT3 BIT4 BIT5 BITE BIT7 BIT8 


| 
_.. SELECT -- 
MODE 


| 
_ASSIGN X, R = ~ 
TIME SLOT: ny, np 


The control word contains two fields: 


Bit 1 and Bit 2 define whether the subsequent 6 bits 
apply to both the transmit and receive side (00), the 
transmit side only (01), the receive side only (10), or 
whether the Codec should go into the standby, power- 
down mode (11). In the last case (11), the following 6 bits 
are irrelevant. 


Typical Line Termination 


TELEPHONE SET 


U ABX / C.0. SWITCHING SYSTEM / CHANNEL BANK TRANSMISSION 


HIGHWAYS 


CONTROL HIGHWAYS 


SUPERVISION 
PROTECTION 


BATTERY 
FEED 


RINGING 


lain cams oer are 
RING CONTROL 


Functional Block Diagram of Line Circuit 
discrete timeslots sent to each Codec within a system. 


In the power-down mode, most functions of the Codec 
are directly disabled to reduce power dissipation to a 
minimum. 


The last 6 bits of the control word define the timeslot 
assignment, from 000000 (timeslot 1) to 111111 (timeslot 
64). Bit 3 is the most significant bit and bit 8 the least 
significant bit and last into the Codec. 


The Codec will retain the control word (or words) until a 
new word is loaded in or until power is lost. This feature 
permits dynamic allocation of timeslots for switching 
applications. 
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Microcomputer Control Mode (2911A-1) 


In the microcomputer mode, each Codec performs its 
own timeslot computation independently for the trans- 
mit and receive channels by counting clock pulses 
(CLKy and CLKa). All Codecs tied to the same data bus 
receive identical framing pulses (FSyx and FSp). The 
framing pulses reset the on-chip timeslot counters 
every frame; hence the timeslot counters of all devices 
are synchronized. Each Codec is programmed via CLKc 
and Dc for the desired transmit and receive timeslots 
according to the description in the Codec Control 
Section. All Codecs tied to the same Dr bus will, in 
general, have different receive timeslots, although that 
is not a device requirement. There may be separate 
busses for transmit and receive or all Codecs may 
transmit and receive over the same bus, in which case 
the transmit and receive channels must be synchronous 
(CLKx = CLKp). There are no other restrictions on time- 
slot assignments; a device may have the same transmit 
and receive timeslot even if a single bus is used. 


There are several requirements for using the CLKo-Dc 
interface in the microcomputer mode. 


1. Acomplete timeslot assignment, consisting of eight 
negative transitions of CLKc, must be made in less 
than one frame period. The assignment can overlap a 
framing pulse so long as all 8 control bits are clocked 
in within a total span of 125yusec (for an 8KHz frame 
rate). CLKc must be left at a TTL low level when not 
assigning a timeslot. 


2. A dead period of two frames must always be observed 
between successive timeslot assignments. The two 
frame delay is measured from the rising edge of the 
first CLKco transition of the previous timeslot 
assigned. 


3. When the device is in the power-down state a single 
control word will suffice to power-up the Codec and 
make a timeslot assignment. That is, the first 
assignment brings the device out of power-down and 
registers the timeslot information in the lower six 
bits of the control word. 


| « XMT TIME SLOT 1 


FS, IN 


XMT TIME SLOT 2 


4. Initialization sequence: The device contains an on- 
chip power-on clear function which guarantees that 
with proper sequencing of the supplies (Vcc or Vop 
on last), the device will initialize with no timeslot 
assigned to either the transmit or receive channel. 
After a supply failure or whenever the supplies are 
applied, it is recommended that either power down 
assignment be made first, or the first timeslot assign- 
ment be a transmit timeslot or a transmit/receive 
timeslot. The consequence of making a receive 
timeslot assignment first, after supply application, is 
that the transmit channel will assume timeslot 1, 
potentially producing bus contention. 


5. Transmit only/receive only operation is permitted pro- 
vided that a power down assignment is made first. 
Otherwise, special circuits which use only one chan- 
nel should be physically disconnected from the 
unused bus; this allows a timeslot to be made to an 
unused channel without consequence. 


Example of Microcomputer Control Mode: 


The two words 01000001 and 10000010 have been 
loaded into the Codec. The transmit side is now pro- 
grammed for timeslot 2 and the receive side for timeslot 
3. The Codec will output a PCM word on the transmit 
PCM highway (bus) during the timeslot 2 of the transmit 
frame, and will fetch a PCM word from the receive PCM 
highway during timeslot 3. 


~wt— SEPARATED BY AT LEAST TWO FRAMES > 


1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 
Dc = 
| | 
a -010000 01—————_ >| ~+____. 10000010 
| \ 


In this example the Codec interface to the PCM highway 
then functions as shown below. (FS, and FSp may be 
asynchronous.) 


XMT TIME SLOT 3 -—=| 


ax nS LEILIU UU UU UU pp UU Ue UU UU UU uu a 


Dx OUT 
TS, OUT 


FSR IN 


cue i J LPL LE LLL LULL LI Lk Lp Lt LL Le 
Ge Ot Do dd Le 


Direct Control Mode 


The direct mode of operation will be selected when the 
CLKg pin is strapped to the +5 volt supply (Vcc). In this 
mode, the Dc pin is an active low chip select. In other 
words, when Dc is low, the device transmits and 
receives in the timeslots which follow the appropriate 


j—me— PCM WORD CLOCKED IN | 


framing pulses. With Dc high the device is in the power 
down state. Even though CLKc¢ characteristics are 
simpler for the 2911A it will operate properly when 
plugged into a 2911 board. 


Deactivation of a channel by removal of the appropriate 
framing pulse (FS, or FSp_) is generally not permitted. 
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Specifically, framing pulses must be applied for a mini- 
mum of two frames after a change in state of Dc in order 
for the Dc change to be internally sensed. In particular, 
when entering standby in the direct mode, framing 
pulses must be applied as usual for two frames after Dc 
is brought high. Thereafter, the framing pulses could, if 
desired, be removed until such time as the device is to 


be reactivated by the reapplication of framing pulses 


with Dc low. 
The Codec will enter the direct mode within three frame 


times (375usec) as measured from the time the device 
power supplies settle to within the specified limits. This 


assumes that CLK¢g is tied to Vcc and that all clocks are 


available at the time the supplies have settled. 


General Control Requirements 


All bit and frame clocks should be applied whenever the 
device is active. In particular, an unused channel cannot 
be deactivated by removal of its associated frame or bit 
clock while the other channel of the same device 
remains active. 


A single channel cannot be deactivated except by 
physical disconnection of the data lead (Dx or Dp) from 
the system data bus. A device (both transmit and receive 
channels) may be deactivated in either control mode by 
powering down the device. Both channels are always 
powered down together. 


Encoding 


The VF signal to be encoded is input on the VF, lead. An 
internal switch samples the signal and the hold function 
is performed by the external capacitor connected to the 
CAP1, and CAP2, leads. The sampling and conversion 


is synchronized with the transmit timeslot. The PCM 
word is then output on the Dy lead at the proper time- 
slot occurrence of the following frame. The A/D 
converter saturates at approximately +2.2 volts RMS 
(+3.1 volts peak). 


—_ ——+_— 956 K GLK, = _ 

FS (32 CHANNEL SYSTEM) 
x 
TIME SLOT 30 + | TIME SLOT 30-» ~ 
[iy PARR K es Res erm emes seen eE TE SeeE SS ese [_Jesens ones ernemnrcen einai sat Renenstee atannie ses Line nisin Soap alae it eens Sameera iret rar i 
= anALoS TO DIGITAL CONVERSION 
I 

ve _ - I oe Ri 


ee ae ee A/D CONV. CYCLE 
HOLD TIME ~ 
CAP, _ 


Decoding 


The PCM word is fetched by the Dp lead from the PCM 
highway at the proper timeslot occurrence. The decoded 
value is held on an internal sample and hold capacitor. 


Standby Mode — Power Down 


To minimize power consumption and heat dissipation a 
standby mode is provided where all Codec functions are 
disabled except for Dc and CLKg leads. These allow the 
Codec to be reactivated. In the microcomputer mode the 
Codec is placed into standby by loading a control word 
(Dc) with a “1” in bits 1 and 2 locations. In the direct 
mode when Dc is brought high, the all ‘‘1’s” control 


Power-On Clear 


Whether the device is used in the direct or microcom- 
puter mode, an internal reset (power-on clear) is 
generated, forcing the device into the power down state, 
when power is supplied by any of the following 


The buffered non-return to zero output signal on the VFp 
lead has a dynamic range of +2.2 volts RMS (+3.1 volts 
peak). 


word is internally transferred to the control register, 
invoking the standby condition. 


While in the standby mode, the Dy output is actively 
held in a high impedance state to guarantee that the 
PCM bus will not be driven. 


The power consumption in the standby mode is typically 
33 mW. 


methods. (1) Device power supplies are turned on ina 
system power-up situation where either Voc or Vpp is 
applied last. (2) A large supply transient causes either of 
the two positive supplies to drop to approximately 2 
volts. (3) A board containing Codecs is plugged into a 
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“hot” system where Vcc Or Vpp is the last contact made. 
It may be necessary to trim back the edge connector 
pins or fingers on Vcc OF Vpp relative to the other supply 
to guarantee that the power-on clear will operate 
properly when a board is plugged into a “hot” system. 
Furthermore, the Codec will inhibit activity on TS, and 


Precision Voltage Reference for the 
D/A Converter 


The voltage reference is generated on the chip and is 
calibrated during the manufacturing process. The 
technique uses the difference in sub-surface charge 
density between two suitably implanted MOS devices to 
derive a temperature stable and bias stable reference 
voltage. 


CONVERSION LAW 


The conversion law is commonly referred to as the A 
Law. 


The Codec provides a piecewise linear approximation of 
the logarithmic law through 13 segments. Each segment 
is made of 16 steps with the exception of the first seg- 
ment, which has 32 steps. In adjacent segments the 
step sizes are in a ratio of two to one. Within each 
segment, the step size is constant. 


The output levels are midway between the correspond- 
ing decision levels. The output levels y, are related to 
the input levels x, by the expression: 


Xn_itX 
i> O<n< 128 


CODER TRANSFER CHARACTERISTIC 
(A/D CONVERSION) 


DIGITAL 
OUTPUT 


,_ ANALOG 
INPUT 


Dy during the application of power supplies. 


The device is also tolerant of transients in the negative 
supply (Vgp) So long as Vag remains more negative than 
-—3.5 volts. Veg transients which exceed this level 
should be detected and followed by a system reinitial- 
ization. 


A gain setting op amp, programmed during manufac- 
turing, ‘“‘trims” the reference voltage source to the final 
precision voltage reference value provided to the D/A 
converter. The precision voltage reference determines 
the initial gain and dynamic range characteristics 
described in the A.C. Transmission Specification 
section. 


CODEC TRANSFER CHARACTERISTIC 


VFR 


DECODER TRANSFER CHARACTERISTIC 
(D/A CONVERSION) 


ANALOG 
OUTPUT 


DIGITAL 
INPUT 
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Theoretical A-Law — Positive Input Vaiues (for Negative Input Values, Invert Bit 1) 


Value edision Normalized Decoder 
Segment No. of Steps | at Segment Value Decision Value Output 
Number x Step Size End Value x,,' at Decoder Value 
Points Number n Git Number Output y,° Number 
12345678 


(4096) 


ak 
wd 


ae ee — HK HN — —  - - KO 


137 TTT11 
3968 


(see Note 2) 


11110000 


(see Note 2) 


O— —— — —$ —- bh —- —--—- = -— — 
—_ 
—_ 


i<e) 


11100000 


(see Note 2) 


11010000 


(see Note 2) 


0) 


11000000 


26 


f°?) 


(see Note 2) 


=k 
Ww 


ae —— —- —- - 8 —- —- —- —- —-- DH --- - - = 


1011000606 


(see Note 2) 


10100000 


(see Note 2) 


ieee | 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
RECICCCCa 


10000000 


Notes: 
1. 4096 normalized value units correspond to the value of the on-chip voltage reference. 


2. The PCM word corresponding to positive input values between two successive decision values numbered n and n+ 1 (see column 4) is (128+ n) 
expressed as a binary number. 


3. X49 is a virtual decision value. 


4. The PCM word on the highways is the same as the one shown in column 6, with the even order bits inverted. The 2911A provides for the inversion of 
the even order bits on both the send and receive sections. 


5. The voltage output on the VFp lead is equal to the normalized value given in the table, augmented by an offset. The offset value is approximately 
15mvV. 
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APPLICATIONS 
Holding Capacitor 


For an 8KHz sampling system the transmit holding 
capacitor CAP, should be 2000 pF + 20%. 


Circuit Interface — 
Without External Auto Zero 


2912A FILTER 2 mV OFFSET | 


| 
ee = 
GRDA 


| 
| 
| 
| 
L.. 


Filters Interface 


The filters may be interfaced as shown in the circuit 
interface diagrams. Note that the output pulse stream is 
of the non-return-to-zero type and hence requires the 
(sin x)/x correction provided by the 2912A filter. 


Dx Buffering 


For higher drive capability or increased system reli- 
ability it may be desirable that the Dy output of a group 
of Codecs be buffered from the system PCM bus with an 
external three-state or open collector buffers. A buffer 
can be enabled with the appropriate Codec generated 
TS, signal or signals. TSy signal may also be used to 
activate external zero code suppression logic, since the 
occurrence of an active state of any TS, implies the 
existence of PCM voice bits (as opposed to transparent 
data bits) on the bus. 


Circuit Interface — 
With External Auto Zero 


ENCODER 
FILTER 


VFxo 


DECODER 


FILTER FRI 


|_2912A FILTER _| 


Auto Zero 


The 2911A contains a transparent on-chip auto zero plus 
a device pin for implementing a sign-bit driven external 
auto zero feedback loop. The on-chip auto zero reduces 
the input offset voltage of the encoder (VF) to less than 
3mvV. For most telephony applications, this input offset 
is perfectly acceptable, since it insures the encoder is 
biased in the lower 25% of the first segment. 


Where lower input offset is required the external auto 
zero loop may be used to bias the encoder exactly at the 
zero crossing point. The consequence of the external 
auto zero loop, aside from extra components, is the 
addition of the dithering auto-zero signal to the input 
signal, resulting in slightly higher idle channel noise 
(approximately 2dB) than when the external loop is not 
used. Consequently, where the application permits, it is 
recommended that the external auto zero loop not be 
used. 


The circuit interface without external auto zero shows a 
possible connection between VF, and AUTO leads with 
the recommended values of C;=0.1uF and R;= 150 KQ. 


The circuit interface with external auto zero drawing 
shows a possible connection between VFy and AUTO 
leads with the recommended values of C;=0.3yF, 
R,= 150 KQ, Ro= 3302, and R3= 470 KQ. 


Grounding, Decoupling, and Layout 
Recommendations 


The most important steps in designing a low noise line 
card are to insure that the layout of the circuit com- 
ponents and traces results in a minimum of cross coup- 
ling between analog and digital signals, and to provide 
well bypassed and clean power supplies, solid ground 
planes, and minimal lead lengths between components. 


1. All power source leads should be bypassed to 
ground on each printed circuit board (PCB), on 
which codecs are provided. At least one electrolytic 
bypass capacitor (at least 10yF) per board is recom- 
mended at the point where all power traces from the 
codecs and filters join prior to interfacing with the 
edge connector pins assigned to the power leads. 


2. When using two-sided PCBs, use both correspond- 


ing pins on opposite sides of the board for the same 
power lead. Strap them together both on the PCB 
and on the back of the edge connector. 


3. Lay out the traces on codec- and filter-equipped 
boards such that analog signal and capacitor leads 
from the digital clock and data leads are separated 
as widely as possible. 


4. Connect the codec sample and hold capacitor with 
the shortest leads possible. Mount them as close to 
the device pins as can be achieved. Shield the 
capacitor traces with analog ground. 

5. Do not lay out any board traces (especially digital) 
that pass between or near the leads of the sample 
and hold capacitor(s) since they are in high imped- 
ance circuits which are sensitive to noise coupling. 


6. Keep analog voice circuit leads paired on their 
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10. 


11. 


12. 


13. 


14. 


layouts so that no intervening circuit leads are 
permitted to run parallel to them and/or between 
them. 


. Arrange the layout for each duplicated line, trunk or 


channel circuit in identical form. 


. Line circuits mounted extremely close to adjacent 


line circuits increase the possibility of interchannel 
crosstalk. 


. Avoid assignment of edge connector pins to any 


analog signal adjacent to any lead carrying digital 
(periodic) signals or power. 


The optimum grounding configuration is to maintain 
separate digital and analog grounds on the circuit 
boards, and to carry these grounds back to the 
power supply with a low impedance connection. 
This keeps the grounds separate over the entire 
system except at the power supply. 


The voltage difference between ground leads GRDA 
and GRDD (analog and digital ground) should not 
exceed two volts. One method of preventing any 
substantial voltage difference between leads GRDA 
and GRDD is to connect two diodes back to back in 
opposite directions across these two ground leads 
on each board. An additional or alternate method of 
suppressing ground lead noise is to bridge a RF 
choke of about 1 to 2yuH or greater, as space allows, 
between leads GRDA and GRDD on each board. 


Codec-filter pairs should be aligned so that pins 9 
through 16 of the filter face pins 1 through 12 of the 
codec. This minimizes the distance for analog con- 
nections between devices and with no crossing 
analog lines. 


No digital or high voltage level (such as ringing sup- 
ply) lines should run under or in parallel with these 
analog VF connections. If the analog lines are on the 
top (component side) of the PC board, then GRDD, 
GRDA, or power supply leads should be directly 
under them, on the bottom to prevent analog/digital 
coupling. 

Both the codec and filter devices should be shielded 
from traces on the bottom of the PCB by using 
ground or power supply leads on the top side 
directly under the device (like a ground plane). 


15. 


16. 
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Two +5 volt power supply leads (Vcc) should be 
used on each PCM, one to the filters, the other to the 
codecs. These leads should be separately decoupled 
at the PCB where they then join to a single 5 volt 
supply at the backplane connector. Decoupling can 
be accomplished with either a series resistor/ 
parallel capacitor (RC lowpass) or a series RF choke 
and parallel capacitor for each 5volt lead. The 
capacitor should be at least 10uF in parallel with a 
0.1 uF ceramic. This filters both high and low frequen- 
cies and accommodates large current spikes due to 
switching. 

Both grounds and power supply leads must have low 
resistance and inductance. This should be accom- 
plished by using a ground plane whenever possible. 
When narrower traces must be used, a minimum 
width of 4 millimeters should be maintained. Either 
multiple or extra large plated through holes should 
be used when passing the ground connections 
through the PCB. 


. The 2912A PCM filter should have all power sup- 


plies bypassed to analog ground (GRDA). The 2911A 
Codec +5V power supplies should be bypassed to 
the digital ground (GRDD). This is appropriate when 
separate + 5V power supply leads are used as sug- 
gested in item 15. The —5V and +12V supplies 
should be bypassed to analog ground (GRDA). 
Bypass capacitors at each device should be high 
frequency capacitors of approximately 0.1 to 1.0 pF 
value. Their lead lengths should be minimized by 
routing the capacitor leads to the appropriate 
ground plane under the device (either GRDA or 
GRDD). 


. Relay operation, ring voltage application, interrup- 


tions, and loop current surges can produce enor- 
mous transients. Leads carrying such signals must 
be routed well away from both analog and digital 
circuits on the line card and in backplanes. Lead 
pairs carrying current surges should be routed 
closely together to minimize possible inductive 
coupling. The microcomputer clock lead is particu- 
larly vulnerable, and should be buffered. Care should 
also be used in the backplane layout to prevent pick- 
up surges. Any other latching components (relay 
buffers, etc.) should also be protected from surges. 
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Absolute Maximum Ratings* 


Temperature Under Bias ............ — 10°C to +80°C Vcc, Vpp, GRDA, and GRDA with Respect 

Storage Temperature .............. ~65°C to + 150°C |. — 0.3V to + 20V 

All Input or Output Voltages with POWS! DiGSIPANON sass vic deeedesos se eanerawaas 1.35W 
Respect toVpp ........ cece eee eee -—0.3V to +20V 


*Comment: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or any other conditions above those indicated in the operational sec- 
tions of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 


D.C. and Operating Characteristics 
Ta=0°C to +70°C, Vop= +12V4+5%, Voo=+5V+5%, Veap=—-5V+5%, GRDA=0V, GRDOD=OV, unless otherwise specified. 


mote | 
DIGITAL INTERFACE et 


Vo. Output Low Voltage V Dy, lop = 4.0MA 
TSyx, lo. = 3.2mA, open drain 
PDN, lo. = 1.6 mA, open drain 


ANALOG INTERFACE ee 


Zal Input Impedance when Sampling, VFx 125 300 


In series with CAP, to GRDA, 
-3.1V < Vin <3.1V 


—3.1V < Vout < 3.1V 


i.e) 
Oo 
So 


—_ . 
Oo 


Zao Small Signal Output Impedance, VFp 100 


sak 
oo 


3 
< 


= 


Vor | Output Offset Voltage at VFr Minimum code to Dr 


Vix Input Offset Voltage at VFy Minimum positive code pro- 


duced at Dy 
400 K2 to GRDA 
400 K2 to GRDA 


< 


VoL Output Low Voltage, Auto Zero 


~_ 


BB Vept+2 


(Vcc-2) | Vec 


| 
Oo 
—_ N 


Von Output High Voltage, Auto Zero 
POWER DISSIPATION 
1 
7.0 mA 
25 mA 


Ippo ~=—| Standby Current 
4.0 
1.0 


loco | Standby Current 


| Standby Current 
BBO u clock frequency = 2.048 MHz 


ro) 
3 
> 


lppi Operating Current 
21 


wo 


loci Operating Current 


> 


> 


lpBi Operating Current 


Notes: 
1. Typical values are for Ta = 25°C and nominal power supply values. 
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A.C. Characteristics 
Ta=0°C to +70°C, Vpp=+12V+5%, Voc=+5V+5%, Veag=—5V+5%, GRDA=0V, GRDD=OV, unless otherwise specified. 


Pe Limits wl 
— rama a co en 
| ae 
TRANSMISSION (any two Codecs, end-to-end, unless otherwise specified) 
S/D Signal to Total Distortion Ratio. TBD TBD signal level -3dBm0 to 
CCITT G.712 Method 1 —6dBm0 
TaD | —*«||~—s dB Signal level to -27dBmo 
TaD | TBD | ~—*|_—s dB_|_ Signal level to -34dBmo 
TaD | TBD | ———‘|_ dB__| Signal level to -40dBm0 
TBD | TBD | —'|_—s dB_|__ Signal level to —55 dBm0 
S/D Signal to Total Distortion Ratio. 35 Signa! level 0dBm0 to 
See Figure 2. CCITT G.712 Method 2 —30dBm0 
p20 | | a _ Signal level to -40a8mo 
S/D Signal to Tota! Distortion Ratio. TBD TBD Signal level OdBm0 to 
CCITT G.712 Method 2 -—30dBm0 
iiaaliacliedilias, TBD | —«|_—s dB_ | Signal level to -40dBmo 
TaD | —*«||_—s dB__ Signal level to -45dBm0 
AG Gain Tracking Deviation from Gain at | TBD TBD Signal level +3dBm0 to 
OdBmoO. CCITT G.712 Method 1 —10dBm0 
TBD | TBD | 1s Signal level to -55dBm0 
TBD | TBD eis Signal level to -60dBm0 
AG Gain Tracking Deviation from Gain at | —0.4 Signal level +3dBm0 to 
OdBm0O. See Figure 1. CCITT G.712 -40dBm0 
|-24| | 24 | dB | Signal level to -55Bm0 
AG Gain Tracking Deviation from Gain at | TBD TBD Signal level +3dBm0 to 
0 dBm0. CCITT G.712 Method 2. -—40dBm0 
Pear esa TBD Teo f | a8 Signal level to —50 dBm0 
TBD Pd ga Signal level to -55dBm0 


Nic Idle Channel Noise 


HD Harmonic Distortion (2nd or 3rd) 


VFx = 1.02 KHz, 0dBm0O; 
measured at decoder output 
VFR 


See Note 3 


of 
88) 
Oo 


intermodulation Distortion 
IMD, G.712 (8.1) 
IMD> G.712 (8.2) 


a 


Notes: 

1. Typical values are for Ta = 25°C and nominal power supply values. 

2. If the external auto zero is used Nic has a typical value of -76dBm0. 
3. According to the two tone method. CCITT G.712 recommendation. 
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A.C. Characteristics (continued) 
Ta=0°C to +70°C, Vpp= +12V+5%, Voc=+5V+5%, Veag=—-5V+5%, GRDA=0V, GRDD=OV, unless otherwise specified. 


GAIN AND DYNAMIC RANGE 
DmW Digital Milliwatt Response 


Test Conditions 


23°C, nominal supplies‘ 
| 0.001 | -0.002} dB/°C | Relative to 23°C‘ 
Supplies +5%4 

Vams Using D.C. and A.C. tests® 


| 0.5 | mVams/°C | Relative to 23°C 

+ 16 mMVrams | Supplies +5% 
VrMs 23°C, nominal supplies 
| = 0.5 | mMVprms/°C | Relative to 23°C 
mMVrus | Supplies +5% 


DmWr | DmMWo Variation with Temperature 
DmWs | DmMWo Variation with Supplies 


Air Input Dynamic Range 


Airt Input Dynamic Range vs Temperature 
Airs Input Dynamic Range vs Supplies 


Aor Output Dynamic Range, VFR 
Aort Aor Variation with Temperature 


| 5.56 
a 
Ne cal 
2.17 
aa 
—_ 
Ea 
Aors Aor Variation with Supplies aa 
| 50 
| 50 
| 50 | 
| 50 


SUPPLY REJECTION AND CROSSTALK 
PSRR, | Vpp Power Supply Rejection Ratio 
PSRR2 | Veg Power Supply Rejection Ratio 


decoder alone® 
decoder alone® 
PSRR3 | Vcc Power Supply Rejection Ratio decoder alone® 
PSRR, | Vpp Power Supply Rejection Ratio encoder alone’ 
PSRRs | Veg Power Supply Rejection Ratio encoder alone’ 


PSRRg | Vcc Power Supply Rejection Ratio encoder alone’ 


BS 


CTr Crosstalk Isolation, Receive Side See Note 8 
CTr Crosstalk Isolation, Transmit Side 7 See Note 9 
CAPX Input Sample and Hold Capacitor 1600 2000 pF 
Notes: 
4. Dp of Device Under Test (D.U.T.) driven with repetitive digital word sequence specified in CCITT recommendation G.711. Measurement made at VFR 
output. 


5. With the D.C. method the positive and negative clipping levels are measured and Aj, is calculated. With the A.C. method a sinusoidal input signal to 
VFy is used where Ajp is measured directly. 

D.U.T. decoder; impose 200 mVp.p, 1.02 KHz on appropriate supply; measurement made at decoder output; decoder in idle channel conditions. 
D.U.T. encoder, impose 200 mMVp.p, 1.02 KHz on appropriate supply; measurement made at encoder output; encoder in idle channel conditions. 
VFy of D.U.T. encoder= 1.02 KHz, 0 dBm0. Decoder under quiet channel conditions; measurement made at decoder output. 

VF, =0 Vrms. Decoder = 1.02 KHz, 0 dBm0. Encoder under quiet channel conditons; measurement made at encoder output. 


© ON® 


4-27 


2911A 


-55 -50 -40 


SIGNAL/TOTAL DISTORTION RATIO (dB) 


| LEGEND 


WW CCITT G.712 


211A SPEC 


RECOMMENDATION 
G.712 


INPUT LEVEL (dBmO) 


Figure 1. Gain Variation (AG) vs. Signal Level 
Reference Level 0dBm0O, End-to-End 


Figure 2. Signal/Total Distortion Ratio, End-to-End 


A.C. Characteristics — Timing Specification and Waveforms” 
Ta= 0°C to +70°C, Vpp= +12V4+5%, Voc=+5V+5%, Veag=—5V+5%, GRDA=0V, GRDD=OV, unless otherwise specified. 


[Max 


Symbol Parameter Comments 
CLOCK SECTION 
toy |Clock Period =—ss—s«|:s«o485-« |) ~—s|ons——|_ CLK, CLKp (2.048MHz systems), CLKc 
tovc _| Clock Duty Cycle(tcix=tcy)| 45 | 55 | % CLiKy, CLK 
TRANSMIT SECTION 
tvex |Analog Input Conversion | 20 | | from leading edge of transmit timeslot? 


RECEIVE AND CONTROL SECTIONS 


tveR from leading edge of the channel timeslot 
tosc ‘Control DataSetup ss | 100 | Microcomputer mode only 
tpHc [Control DataHold = | 100 | Microcomputer mode only 


2911A 


TIMESLO}1 1 ee 


Notes: 


1. All timing parameters referenced to 1.5V, except tyzx and tsorr, which reference a high impedance state. 


2. The 20 timeslot minimum insures that the complete A/D conversion will take place under any combination of receive interrupt or 


asynchronous operation of the Codec. Consult an Intel applications specialist or Intel Corporation for applications information 
which would allow operation with less than 20 timeslots. 


b~-—— tcy ——_> - TIMESLOT 1 


TIMESLOT N 


Notes: 


1. All timing parameters referenced to 1.5V, except tyzx and tso¢e which reference a high impedance state. 
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2912 FAMILY 
PCM LINE FILTERS 


Frequency Response 
CCITT G712 D3/D4 


idie Channel Noise 12 | 20123 | 2912 
(4Bmc0) 14 | 2a2s | 20126 


=» AT&T® D3/D4 Compatible = Direct Interface to the Intel® 
and CCITT G712 Compatible 2910A/2911A PCM Codecs Including 
| Stand-By, Power Down Mode 


m= +5% Power Supplies: +5V, -5V 
= Low Power Consumption: 


@ Monolithic Device Includes Both 
Transmit and Receive Filters 


@ 50HZ/60Hz Rejection Included 210mW Typical without Power 
in the Transmit Filter Amplifiers 
: : : : 280mW Typical with Power Amplifiers 
@ Gain Adjustment in Both Directions 55 mW Typical Stand-By 
@ Direct Interface with Transformer or @ Fabricated with Reliable N-Channel 
Electronic Telephone Hybrids MOS Process 


The Intel® 2912 is a fully integrated monolithic device containing the two filters of a PCM line or trunk termination. The 
device is designed to meet the following objectives: 
e To meet AT&T D3/D4 frequency response with the 2912 and 2912-6. 
To meet CCITT frequency response with the 2912-3 and 2912-5. 
e To meet the digital Class 5 central office switching systems stringent specifications. 
e To be directly compatible with the 2910A and 2911A codecs. 
¢ To simplify interfaces to transformers and hybrids. The primary application for the 2912 is in telephone systems for 
transmission, switching, or remote concentration. 
A switched capacitor filter technique is used to implement the transmit and receive passband filter sections of the 2912. 
The device is fabricated using Intel’s reliable two layer polysilicon NMOS technology. The combination of the switched 
capacitor technique and the NMOS technology result ina monolithic 2912 filter which is packaged in a standard 16 pin DIP. 


PIN CONFIGURATION BLOCK DIAGRAM 


PIN NAMES 


VFxI*, VFxI- ANALOG INPUTS | CLK CLOCK INPUT 

GSx GAIN CONTROL CLKO CLOCK SELECTION 
ANALOG OUTPUT | PDN POWER DOWN 
ANALOG INPUT Vec POWER (+5V) 
ANALOG OUTPUT | Vgp POWER (-5V) 

PWRI DRIVER INPUT GRDD DIGITAL GROUND 

PWRO+, PWRO- DRIVER OUTPUT | GRDA ANALOG GROUND PWRI VFRO Vege Vcc GRDD GRDA 


C) PIN NumBeR 6) @ @ @ &® 


AT&T is a registered trademark of American Telephone and Telegraph Corporation. 
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PIN DESCRIPTION 


Pin 

No. Symbol 
1 VFxI* 

2 VFxi- 

3 GSx 

4 VFRO 

5 PWRI 

6 PWROt 
7 PWRO- 
8 VBB 

9 Vcc 


Function 
Input 


Input 


Output 


Output 


Input 


Output 


Output 


Power 


Power 


NOTE: 


Description 


Analog input of the transmit 
filter. The VFxI* signal comes 
from the 2 to 4 wire hybrid in 
the case of a 2 wire line and 
goes through the 50/60Hz 
notch and the antialiasing 
filter before being sent to the 
Codec for encoding. 


Inverting input of the gain ad- 
justment operational amplifier 
on the transmit filter. 


Output of the gain adjustment 
operational amplifier on the 
transmit filter. Used for gain 
setting of the transmit filter. 


Analog output of the receive 
filter. This output provides a 
direct interface to electronic 
hybrids. For a transformer hy- 
brid application, VFRO is tied 
to PRWI and a dual balanced 
output is provided on pins 
PWRO?* and PWRO-. 


Input to the power driver 
amplifiers on the receive side 
for interface to transformer 
hybrids. High impedance in- 
put. When tied to Ves, the 
power amplifiers are powered 
down. 


Non-inverting side of the pow- 
er amplifiers. Power driver 
output capable of directly 
driving transformer hybrids. 


Inverting side of the power 
amplifiers. Power driver out- 
put capable of directly driving 
transformer hybrids. 


-5V + 5% referenced to 
GRDA 


+5V + 5% referenced to 
GRDA 


Pin 


No. Symbol Function Description 


10 


12 


13 


14 


15 


16 


VFRI 


GRDD Ground 


CLK!!! 


PDN 


cLKo!"! 


GRDA 


VFxO 


Input 


Input 


Input 


Input 


Ground 


Output 


Analog input of the receive 
filter, interface to the Codec 
analog output for PCM appli- 
cations. The receive filter pro- 


vides the oink correction 


needed for sample and hold 
type Codec outputs to give 
unity gain. The input voltage 
range is directly compatible 
with the Intel® 2910A and 
2911A Codecs. 


Digital ground return for inter- 
nal clock generator. 


Clock input. Three clock fre- 
quencies can be used: 
1.536MHz, 1.544MHz or 
2.048MHz; pin 14, CLKO, has 
to be strapped accordingly. 
High impedance input, TTL 
voltage levels. 


Control input for the stand-by 
power down mode. An in- 
ternal pull up to +5V is pro- 
vided for interface to the 
Intel® 2910A and 2911A PDN 
outputs. TTL voltage levels. 


Clock (pin 12, CLK) frequency 
selection. If tied to Veg, CLK 
should be 1.536MHz. If tied to 
Ground, CLK should be 1.544 
MHz. If tied to Vcc, CLK 
should be 2.048MHz. 


Analog return common to the 
transmit and receive analog 
circuits. Not connected to 
GRDD internally. 


Analog output of the transmit 
filter. The output voltage 
range is directly compatible 
with the Intel® 2910A and 
2911A Codecs. 


1. The three clock frequencies are directly compatible with the Intel® 2910A and 2911A Codecs. The 
following table should be observed in selecting the clock frequency. 


Codec Clock 


1.536 MHz 
1.544 MHz 
2.048 MHz 


Clock Bits/Frame 


2.048 MHz 
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2912 CLK, Pin 12 2912 CLKO, Pin 14 


1.536 MHz 
1.544 MHz 


Ves (-5V) 
GRDD 
Voc (+5V) 
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FUNCTIONAL DESCRIPTION 


The 2912 provides the transmit and receive filters found 
on the analog termination of a PCM line or trunk. The 
transmit filter performs the anti-aliasing function 
needed for an 8kHz sampling system, and the 50/60Hz 
rejection. The receive filter has a low pass transfer 
characteristic and also provides the Sinx/x correction 
necessary to interface the Intel 2910A (u Law) and 2911A 
(A Law) Codecs which have a non-return-to-zero output 
of the digital to analog conversion. Gain adjustment is 
provided in the receive and transmit directions. 


- 


SUPERVISION 
PROTECTION 


BATTERY 
FEED 


TELEPHONE SET 


RINGING 


PABX /C.O. SWITCHING SYSTEM / CHANNEL BANK 


OFF-HOOK/ROTARY DIAL PULSES 


2W/aw 


HYBRID 


A stand-by, power down mode is included in the 2912 
and can be directly controlled by the 2910A/2911A 
Codecs. ; 


The 2912 can interface directly with a transformer hybrid 
(2 to 4 wire conversion) or with electronic hybrids; in the 
latter case the power dissipation is significantly re- 
duced by powering down the output amplifier provided 
on the 2912. 


~ 


‘a’ 
2912A 
FILTERS 


+ 


RING CONTROL 


PCM HIGHWAYS 


ee ae en ae 


TYPICAL LINE TERMINATION 


FILTER OPERATION 


Transmit Filter Input Stage 


The input stage provides gain adjustment in the passband. 
The input operational amplifier has a common mode 
range of +2.2 volts, aDC offset of less than 25mV, a voltage 
gain greater than 1000 and a unity gain bandwidth of 
1 MHz. It can be connected to provide a gain of 20dB 
without degrading the noise performance of the filter. The 


load impedance connected to the amplifier output must be 
greater than 10KQ in parallel with 20pF. The input signal 
on lead VFxI* can be either AC or DC coupled. The input 
Op Amp can also be used in the inverting mode or 
differential amplifier mode. The remaining portion of the 
transmit filter provides a gain of +3dB in the pass band. 


R2 
GAIN = 1+— 
Ry 


TRANSMIT FILTER GAIN ADJUSTMENT 
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50Hz/60Hz Notch — Transmit Filter 


The transmit filter has a notch section to reject 50Hz and 
60Hz components of the input signal. A minimum 
attenuation of 22dB is provided at 60Hz. At 50Hz, the 
minimum attenuation is 20dB. The gain at 200Hz is 
between -.125dB and -1.8dB. (All gain figures are relative 
to the gain at 1kKHz). 


An active RC low pass anti-aliasing filter is included on 
chip immediately in front of the 50 Hz/60 Hz notch section. 
This filter provides greater than 35dB attenuation at 256 
KHz. As a result no external anti-aliasing components are 
required to provide the necessary anti-aliasing function 
for the switched capacitor sections of the transmit filter 
which operate at an internal sampling rate of 256 KHz. 


oO 


-10 


GAIN RELATIVE TO GAIN AT 1kHz (dB) 


a 
TYPICAL FILTER 


TRANSFER FUNCTION 


50Hz 100Hz 


TYPICAL FILTER 
TRANSFER FUNCTION 


Transmit Filter Transfer Characteristics 

The transmit section of the filter provides a passband 
flatness and stopband attenuation which exceeds the 
ATT® D3 and D4 specification (2912 and 2912-6) and the 
CCITT G712 recommendation (2912-3 and 2912-5). The 
2912 specification meets the digital class 5 central of- 
fice switching systems requirements. The transmit filter 
transfer characteristics and specifications are shown in 
the diagram below. 


Transmit Filter Output Stage 

The voltage range of the output signal on the VFO lead 
is +3.2 volts. The DC offset is less than 250mV. It is 
recommended that the VFyO output be capacitively 
coupled to the VF input of the Intel® 2910A and 2911A 
Codecs. 


+,03dB 


+.125dB 


EXPANDED 
3000Hz SCALE 


* 3300Hz 


-14dB 
4000Hz 


-32dB 
4600Hz 
N \ 


-50 
1KHz 10KHz 


FREQUENCY (Hz) 


TRANSMIT FILTER TRANSFER CHARACTERISTICS 
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An active RC low pass smoothing filter is included on chip 
following the transmit filter section. This filter provides 
reduction of broad band noise and clock noise from the 
switched capacitor transmit filter section. 


As a result (in pleziosynchronous operation where the 
transmit and receive clocks of the codec are allowed to 
have a small relative frequency difference, as in 
transmission applications) low frequency asynchronism 
between the clock signal in the transmit filter output and 
the sampling process in the associated codec has 
negligible effect on the idle channel noise of the codec. 
This smoothing filter also serves to reduce high frequency 
broadband noise at the filter output which might be 
aliased to lower frequencies by the codec sampling 
process. 


TYPICAL FILTER!!! 


TRANSFER FUNCTION ey 
w 


+.125dB 


200Hz _*:125dB 


300 Hz 


GAIN RELATIVE TO GAIN AT 1kHz (dB) 


Receive Filter Transfer Characteristics 


The receive section of the filter provides a passband 
flatness and stopband rejection which exceeds at ATT® 
D3/D4 specification (2912 and 2912-5) and the CCITT 
G712 recommendation (2912-3 and 2912-6) when used 
with a decoder which contains a sample/hold amplifier 
at its output. The filter contains the required compensa- 


tion for the Sinx 


response of such decoders. The 


receive filter transfer characteristics and specifications, 
Sinx 


including the response of the decoder, are shown 


in the diagram below. 


7 


EXPANDED 


. SCALE 


P +.125dB 


TYPICAL FILTER TRANSFER 


FUNCTION?! WHEN MULTIPLIED 


BY 


Si 


WHICH IS THE ~¥ 


‘200 
Sin | 8000 


nf 7 
aol 


NX OUTPUT RESPONSE 


OF THE INTEL 2910A AND 2911A CODECS 


WHERE x = 


1f 


1KHz 


8000 


FREQUENCY (Hz) 


NOTES: 


1, TYPICAL TRANSFER FUNCTION OF THE RECEIVE FILTER AS A SEPARATE COMPONENT. 
2. TYPICAL TRANSFER FUNCTION OF THE RECEIVE FILTER DRIVEN BY THE SAMPLE AND 
HOLD OUTPUT OF THE INTEL 2910A AND 2911A CODECS. THE COMBINED FILTER/CODEC 


RESPONSE MEETS THE STATED SPECIFICATIONS. 


RECEIVE FILTER TRANSFER CHARACTERISTICS 
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Receive Filter Output 


The VFRO lead is capable of driving high impedance 
electronic hybrids. The gain of the receive section from 
VFrI to VFRO is: 


( af 
8000 

; af 
sin( 8000 
which when multiplied by the output response of the 
Intel 2910A and 2911A Codecs results in a OdB gain in 
the passband. The filter gain can be adjusted downward 
by a resistor voltage divider connected as shown. The 


total resistive load Ry on VFpO should not be less than 
10kQ. 


Receive Filter Output Driver Amplifier Stage 


A balanced power amplifier is provided in order to drive 
low-impedance loads in a bridged configuration. The 
receive filter output VFRO is connected through gain 
setting resistors Ri and Ra to the amplifier input PWRI. 
The input voltage range on PWRI is +3.2 volts and the gain 
is 6dB for a bridged output. With a 20k load connected 
between PWROt and PWRO,, the maximum voltage swing 
across the load is +6.4 volts. With a 6000 load connected 
between PWROt and PWRO-, the maximum voltage swing 
across the load is +5.0 volts. The series combination of Rs 
and the hybrid transformer must present a minimum A.C. 
load resistance of 6000 to the amplifier in the bridged 
configuration. A typical connection of the output driver 
amplifiers is shown below. These amplifiers can also be 
used with loads connected to ground. 


When the power amplifier is not needed it should be 
deactivated to save power. This is accomplished by tying 
the PWRI pin to Ves before the device is powered up. 


Power Down Mode 


Pin 13, PDN, provides the power down control. When 
the signal on this lead is brought high, the 2912 goes intoa 
standby, power down mode. Power dissipation is reduced 
to 55mW. In the stand-by mode, all outputs go into a high 
impedance state. This feature allows multiple 2912’s to 
drive the same analog bus on a time-shared basis. 


R2 


Rr =Ri+ z > 10k2 
Rat+Z 


Z= LOAD 


RECEIVE FILTER OUTPUT GAIN ADJUSTMENT 


Ror 


R71, Ro GAIN SETTING RESISTORS 
Rs SERIES LOAD RESISTOR 


TYPICAL CONNECTION OF OUTPUT 
DRIVER AMPLIFIER 


When power is restored, the settling time of the 2912 is 
typically 15ms. 


The PDN interface is directly compatible with the Intel 
2910A and 2911A PDN outputs. Only one command from 
the common control is then necessary to power down 
both the Codec and the Filters of the line or trunk inter- 
face. . 
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APPLICATIONS 
Circuit Interface 


SIGx 


SiGr 
LINE 
INTERFACE 


ANALOG INPUT AND 
GAIN ADJUSTMENT 


OUTPUT TO 
ELECTRONIC HYBRIDS 


POWER AMPLIFIER INPUT 


POWER AMPLIFIER OUTPUT 
TO TRANSFORMER HYBRIDS 


(1) DECOUPLING CAPACITORS 
(2) RF CHOKE OR RESISTOR 


2910A DIGITAL 


INTERFACE 


Vop POWER SUPPLY 


CONTROL INPUTS 
FROM SYSTEM 


PCM FRAME SYNCH 
AND BIT CLOCKS 


INPUT FROM PCM HIGHWAY 


(1) 
I OUTPUT TO PCM HIGHWAY 


EDGE 
CONNECTOR 


Vec 


UV _<— GRDD 


POWER 
SUPPLIES 


VeB 


a 


A TYPICAL 2910A CODEC AND 2912 FILTER CONFIGURATION 


Codec Interface 


The 2912 PCM Filter is designed to directly interface to 
the 2910A and 2911A Codecs as shown above. The 
transmit path is completed by connecting the VFyO out- 
put of the 2912 to the coupling capacitor associated 
with the VF, input of the 2910A and 2911A codecs. The 
receive path is completed by directly connecting the 
codec output VF rp to the receive input of the 2912 VFeal. 
The PDN input of the 2912 should be connected to the 
PDN output of the codec to allow the filter to be put in 
the power-down standby mode under control of the 
codec. 


Layout Guidelines 


The most important steps in designing a low noise line 
card are to insure that the layout of the circuit 
components and traces result in a minimum of cross 
coupling between analog and digital signals, and to 
provide well bypassed and clean power supplies, solid 
ground planes, and minimal lead lengths between 
components. Considering these items in more detail: 


Clock Interface 


To assure proper operation, the CLK input of the 2912 
should be connected to the same clock provided to the 
receive bit clock, CLK, of 2910A or 2911A Codec as 
shown above. The CLKO input of the 2912 should be set 
to the proper voltage depending on the standard clock 
frequency chosen for the codec and filter. See the clock 
selection table in the Pin Description section. 


e All power source leads should be bypassed to ground 
on each printed circuit board (PCB), on which codecs 
are provided. At least one electrolytic bypass 
capacitor (at least 10 microfarad) per board is recom- 
mended at the point where each power trace from the 
codec and filter joins prior to interfacing with the 
edge connector pins assigned to the power leads. 
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Layout Guidelines (Cont.) 


Layout the traces on codec and filter equipped boards 
such that analog signal and capacitor leads are 
separated as widely as possible from the digital clock 
and data leads. 


Connect the codec sample and hold capacitor(s) with 
the shortest leads possible. Mount them as close to 
the device pins as can be achieved. Shield the capac- 
itor traces with analog ground. 


Do not layout any board traces (especially digital) that 
pass between or near the leads of the sample and hold 
capacitor(s) since they are in high impedance circuits 
which are sensitive to noise coupling. 


Keep analog traces situated in their layouts so that no 
intervening circuit leads are permitted to run parallel to 
or between them. 


The optimum grounding configuration is to maintain 
separate digital and analog grounds on the circuit 
boards, and to carry these grounds back to the power 
supply ground with a low impedance connection. This 
keeps the grounds separate over the entire system 
except at that one location. 


The voltage difference between ground leads GRDA 
and GRDD (analog and digital ground) should not ex- 
ceed two volts. One method of preventing any 
substantial voltage difference between leads GRDA 
and GRDD is to connect two diodes back to back in 
opposite directions across these two ground leads on 
each board. 


Codec-filter pairs should be aligned so that pins 9 
through 16 of the filter face pins 1 through 12 of the 
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codec. This minimizes the distance for analog 
connections between devices and prevents crossing 
analog lines. 


No digital lines or high level analog lines should run 
under or in parallel with analog interconnections from 
codec to filter. If the analog lines are on top (component 
side) of the PCB, then GRDD, GRDA, or power supply 
leads should be directly under them, on the bottom of 
the PCB (to prevent analog/digital coupling). 


Both the codec and filter devices should be shielded 
from traces on the bottom of the PCB by using ground 
or power supply leads on the top side directly under the 
device (like a ground plane). 


For each printed circuit board, two +5 volt power supply 
leads should be used, one for codecs and the other for 
filters, and separately decoupled where they join a 
single 5 volt supply at the PCM connector. Decoupling 
can be accomplished with a RC lowpass filter or a RF 
choke per power supply input. Both grounds and power 
leads must have low resistance and inductance which 
can be accomplished by using a ground plane 
whenever possible. If narrower traces must be used, 
maintain a minimum width of 4 millimeters and use 
multiple or extra large plated holes when passing 
ground connections through the PCB. 


The 2912 PCM filter should have all power supplies 
bypassed to analog ground (GRDA). The 2910A/11A 
codec +5V power supplies should be bypassed to the 
digital ground (GRDD) but the —5V and +12V sup- 
plies should be bypassed to analog ground (GRDA). 
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ABSOLUTE MAXIMUM RATINGS* “COMMENT: 
Temperature Under Bias ............ -10°C to +80°C Stresses above those listed under ‘Absolute Maximum 
Storage Temperature .............. -65°C to +150° C Rating’ may cause permanent damage to the device. This 
Supply Voltage with Respect to Vee .. -0.3V to +14.0V is a stress rating only and functional operation of the de- 
All Input and Output Voltages with vice at these or at any other condition above those indi- 
AOSPSCl 16 VER. acicccad ean den sdadse -0.3V to +14.0V cated in the operational sections of this specification. is 
Output nie ili ee saree not implied. Exposure to absolute maximum rating con- 
Power DISSIPATION «ise seus cns cee bareonas enue ae 1 Watt 


ditions for extended periods may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS 
Ta = 0°C to +70°C, Voc = +5V + 5%, VeB = -5V + 5%, GRDA = OV, GRDD = OV, unless otherwise specified. 


DIGITAL INTERFACE 


Limits 
ILIC Input Load Current 1 wa! 

(except PDN) 10 MA | Vin = Vit MIN to VIH MAX 
ip __| Input Load Current, PDN | | | -100 || wA_| VIN = Vi MIN to VIN Max 
Vic___| Input Low Voltage (except CLKo) | |_| 08 | OV 
Vik | Input High Voltage (except CLKO)| 22 | 
ViILO Input Low Voltage, CLKO | Ves =| | Vppto.5 
Vio Input Intermediate Voltage, CLKO igRopes| =| ow |v 
Viwo [Input High Vottage, CLKO | Vooa®| | veo | V_ 


POWER DISSIPATION 


Test Conditions 


| Max. | 
| 6 | 9 | mA | PDN = Vin MIN 
5 | 9 | 


mA | PDN = ViH MIN 


Symbol Parameter 
Icco Vcc Standby Current 
IBBO Ves Standby Current 


Icc1 Vcc Operating Current, Power 


Amplifiers Inactive mA | PWRI = Ves 


1BB1 Ves Operating Current, Power 
Amplifiers Inactive 


f 
fo) 
® 
R 
= 
> 


Icc2 Vcc Operating Current 


2 
co 
: 
rN 
=. 
> 


eo 

— 
w 
BSS 


IBB2 VeBB operating Current 


NOTE: 1. Typical values are for Ta = 25°C and nominal power supply values. 
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D.C. AND OPERATING CHARACTERISTICS 
Ta = 0°C to +70°C, Veco = +5V + 5%, Vep = -5V + 5%, GRDA = OV, GRDD = OV, unless otherwise specified. 
ANALOG INTERFACE, RECEIVE FILTER DRIVER AMPLIFIER STAGE 


Symbol Typ."!| Max.| Unit] Test Conditions 
IBRA Input Leakage Current, PWRI 8 
RIRA Input Resistance, PWRI 10 mez 


RORA Output Resistance, PWROtT, PWRO- 1 Q ||lout| <10mA 
-3.0V < VouT < 3.0V 


VosrA | Output DC Offset, PWRO*, PWRO- 
CLRA Load Capacitance, PWRO*, PWRO- 


Output Voltage Swing Across RL, 


mV |PWRI Connected to GRDA 


VorA1 | PWROt, PWRO7- Single Ended 
Differential Output Voltage Swing, RL Connected 
VORA2 PWRO™, PWRO™ +5.8 Between PWRO* 


Balanced Output Connection 


and PWRO- 


aa 
ars 
| +3.2 
See are 
wd 
| 
| 
|] 


A.C. CHARACTERISTICS 1,4 =0°c to +70°C, Voc = +5v + 5%, Vas = -5V + 5%, GRDA = OV, GRDD = OV, unless otherwise specified. 


Clock Input Frequency: CLK = 1.536MHz + 0.1%, CLKO = Vito (Tied to Ves) CLK = 2.048MHz + 0.1%, CLKO = Vino ( Tied to Vcc) 
CLK = 1.544MHz + 0.1%, CLKO = Vio (Tied to GRDD) 


TRANSMIT FILTER TRANSFER CHARACTERISTICS (See Transmit Filter Transfer Characteristics description section 


for graph) 
Symbol| Parameter =| Min. | Typ.l"!| Max.| Units Test Conditions 
Grx Gain Relative to Gain at 1kHz a ee eee OdBmO Input Signal 
Below 50Hz | rT =10- | 36dB Gain Setting Op Amp at 
50Hz — | ft -20 | dB J Unity Gain 
60Hz PT 22 |B 
200Hz | -18 [| -0.125| dB |odBmO Signal = 1.1 Vams 
300Hz to 3000Hz -0.125 |  ——s|_0.125] dB |Input at VFxI- 
3300Hz (-0.65 | | 0.03/ dB 
3300Hz (2912-3 & 2912-5 | -35 | «| 0.03] aB | 
3400Hz | -1.4 | | -0.1 | dB |OdBmO Signal = 1.6 Vams 
3400Hz (2912-3 & 2912-5 | -0.7 | | _-0.1 | dB |Output at VFxO 
4000Hz Lg | -14 | dB 
4600Hz and Above aa | -32 | dB | 


Gax Absolute Passband Gain at 1kHz, VFxO | 29 | 30 | 31 | aB_ RL =, Note 3 


GaxT Gain Variation with Temperature 
at 1kHz 0002 dB/° COdBmO Signal Level 


Next Total C Message Noise 2912, 2912-3 | dL og | te dBrnc0jGain Setting Op Amp at 
at Output, VF,O 2912-6,29125 | | 13 | 14 | Unity Gain 
Ncx2 | TotalC Message Noise 2912, 2912-3 | | 10 | 13 |aBrncdGain Setting Op Amp at 


at Output, VFxO 2912-6,29125 | | 14 | 15 | (2) |20dB Gain 


Dpx Differential Envelope Delay, VFxO 
1kHz to 2.6kHz 


MS 
Dax __| Absolute Delay at 1kHz, VFxO | L150 | us | 
DPx1 Single Frequency Distortion Products P| | -48 | dB fodBm Input Signal at 1kHz 


DPx2 Single Frequency Distortion Products 
at Maximum Signal Level of 
+3dBm0 at VFxO 


See next page for NOTES. 
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Gaxs Gain Variation with Supplies at 1kHz .04 dB/V |OdBmO Signal Level, 
Supplies +5% 
CTRT Cross Talk, Receive to Transmit, dB |VFri = 1.6 Vrms, 1kHz Input 
Measured at VFxO VFxI+, VFxi- Connected 
90 Io VFxO to GSx, GSx Connected through 
° VFRO 10kQ to GRDA 
[2] 


-45 0.16 Vams 1kHz Input Signal at 
VFxI*; Gain Setting Op Amp at 
20dB Gain. The +3dBmO signal 
at VFxO is 2.24 Vrs. 
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D.C. AND OPERATING CHARACTERISTICS 
Ta = 0°C to +70°C, Voc = +5V + 5%, VBp = -5V + 5%, GRDA = OV, GRDD = OV, unless otherwise specified. 


ANALOG INTERFACE, TRANSMIT FILTER INPUT STAGE 


Symbol Parameter 


' | Max. | Unit. Test Conditions 
-2.2V < Vin < 2.2V 
|| Mo | 

-2.2V < Vin <2.2V 


45 ir -1.6V < Vin < 1.6V, OdBmO = 
1.1 Vrms, Input at VFxI— 

: | |B | -2.2V < VIN < 2.2V 

ST 

[ae 

Ri > 10k 

|| ka. [Minimum Ri 


IBx! Input Leakage Current, VFxI*, VFxI7 
Rixi Input Resistance, VFxIt, VFxI7 
Vosxi | Input Offset Voltage, VFxit, VFxI- 


CMRR: | Common Mode Rejection, VFxI”, VFx!— 


oO 


CMRR2 | Common Mode Rejection, VFxIt, VFxI7 
AVOL DC Open Loop Voltage Gain, GSx 

fc Open Loop Unity Gain Bandwidth, GSx 
Voxr Output Voltage Swing, GSx 


_ 
Oo 


—s 
j=) 
oO 
oO 


C_xIi Load Capacitance, GSx 
Rix! Minimum Load Resistance, GSx 


—_ 
oO 
+ 
< 
TG 


ANALOG INTERFACE, TRANSMIT FILTER 


Symbol Parameter Typ.!|! | Max. | Test Conditions 
Rox Output Resistance, VFxO 400 
Vosx | Output DC Offset, VFxO 250 | mV |VFxIt Connected to GRDA, 


Input Op Amp at Unity Gain 


[Unit | 
me 2 
em 


PSRR1 | Power Supply Rejection of Vcc at 
1kHz, VFxO 


PSRR2 | Power Supply Rejection of Veg at 
1kHz, VFxO 


CLx Load Capacitance, VFxO 


Note 2 


RLx Minimum Load Resistance, VFxO 
Vox Output Voltage Swing, 1kHz, VFxO 


Q. |Minimum Re 
V |R_210KQ or with 2910A or 2911A 


= nN ne) 
wo ee) 
[e) On . 
ye) 
© 
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ANALOG INTERFACE, RECEIVE FILTER 


Symbol Parameter Test Conditions 
uA |-3.2V < VIN < 3.2V 

MO 

0) 


200 mV |VFrI Connected to GRDA 


+ 
< 
TG 


anil Nh ie) 
{oe} 


IBR Input Leakage Current, VFrI 
Rir Input Resistance, VFri 

Ror Output Resistance, VFRO 
VOSR Output DC Offset, VFRO 


PSRR3 | Power Supply Rejection of Vcc at 
1kHz, VFRO 


PSRR4 | Power Supply Rejection of VBp at 
1kHz, VFRO 


CLR Load Capacitance, VFRO 


w 
jo) 


pF 


RLR Minimum Load Resistance, VFRO 
VOR Output Voltage Swing, VFRO 


kQ |Minimum Ri 
+3.2 Ri = 10kO 
NOTE: 


1. Typical values for Ta = 25°C and nominal power supply values. 2. PSRRi.2 include input op amp in transmit section. 
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A.C. CHARACTERISTICS 


Ta = 0°C to +70°C, Voc = +5V + 5%, VBB = -5V + 5%, GRDA = OV, GRDD = OV, unless otherwise specified. 


Clock Input Frequency: CLK = 1.536MHz + 0.1%, CLKO = ViLo (Tied to Ves) 
CLK = 1.544MHz + 0.1%, CLKO = Viio (Tied to GRDD) 
CLK = 2.048MHz + 0.1%, CLKO = Vino (Tied to Vcc) 


RECEIVE FILTER TRANSFER CHARACTERISTICS ‘ 


See Receive Filter Transfer Characteristics description section 
or graph) 


Symbol Parameter | Min. Typ.!! | Max. | Units| Test Conditions 
GRR Gain Relative to Gain at 1kHz with OdBmO Input Signal 
Sinx/x Correction of 2910A or 2911A 
Below 200Hz | | s«E 0.125 | dB | OdBmO Signal = 1.6 Vrms x 
200Hz 705 | «1 0.125| dB | /gj,_ if f 
300Hz to 3000Hz -0.125} —«| 0.125| dB | 27(8000)/ 27(8000) 
3300HZ |-0.65| | (0.03 Input at VFR | 
3300Hz (2912-3 & 2912-5) | -35] | 0.03 | oB | 
3400Hz aa ae 14 {| | -0.1 | oB 
3400Hz (2912-3 & 2912-5) 0.7 | | -0.1 |B | 
4000Hz ee ee 
4600Hz and Above a ee | 
Gar Absolute Passband Gain at 1kHz, VFRO | -0.1[ Oo | +0.1 | dB | Ri = », Note 3 
GART Gain Variation with Temperature 
at 1kHz dB/° COdBmO Signal Level 
Gars Gain Variation with Supplies at 1kHz mee | dB/V |jOdBmO Signal Level, Supplies 
+5% 
CTTR Cross Talk, Transmit to Receive, VFxl = 1.1 Vams, 1kKHz Output. 
Measured at VFRO; 20 log (VFRO/VFxO) VFrI Connected to GRDA. 
Ncr | TotalC Message Noise 2912, 2912-3 | | 8 | 12 faBrnco VFRO Output or PWROt and 
at Output, VFRO [2] JPWRO- Connected with Unity 
zara, 20126 | | 19 | 14 | Gain 
Dor Differential Envelope Delay, VFRO, 
1kHz to 2.6kHz 100 ys 
Dar Absolute Delay at 1kHz, VFRO Ff 110 | ws | 
DPri Single Frequency Distortion Products | |g | dB lodBm Input Signal at 1kHz 
DPrR2 Single Frequency Distortion Products -45 +3dBmO Signal Level of 
at Maximum Signal Level of .2.24 Vrms, 1kHz Input at VFRO 
+3dBm0O at VFRO 
NOTES: 


1. Typical values are for Ta = 25°C and nominal power supply values. 


2. A noise measurement of 18dBrnc into a 6000 load at the 2912 device is equivalent to 12dBrnco. 
3. For gain under load refer to output resistance specs and perform gain calculation. 
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2912A 
PCM TRANSMIT/RECEIVE FILTER 


= Low Power Consumption: » Adjustable Gain in Both Directions 


SOmW Typical without Power = Fully Compatible with the Industry 
Amplifiers Standard Intel 2912 

80mW Typical with Power Amplifiers } 
0.4mW Typical Standby =» D3/D4 and CCITT G712 Compatible 
= Common Mode Op Amp input 


# Low Idle Channel Noise: ee j 
Rejection 75dB Typical 


3 dBrncO Typical, Receive 


6 dBrncO Typical, Transmit # Direct Interface to the Intel 
= Excellent Power Supply Rejection: af = i Roe oe 
45dB Typical on Veg @ 1kHz ane Ry, POWOr POW mene 
40dB Typical on Vag @ 20kHz = Direct Interface with Transformer or 
= High Pass Filter Rejects Low Electronics Hybrids 
Frequency Noise: # Fabricated with Reliable N-Channel 
23dB @ 60Hz MOS Process 
28dB @ 50Hz 


58dB @ 16Hz, Typical 


The Intel 2912A 2nd generation PCM line filter is a fully integrated monolithic device containing the two filters 
of aPCM line or trunk termination. It has improved key parameters of power consumption, idle channel noise, 
and power supply rejection. A single part exceeds both AT&T D3/D4 and CCITT transmission specs, exceeds 
digital Class 5 central office switching system stringent specifications, and is fully compatible with the 2912. 
The primary application for the 2912A is in telephone systems for transmission, switching, or remote 
concentration. 


An advanced version of the switched capacitor technique used for the 2912 is used to implement the transmit 
and receive passband filter sections of the 2912A. The device is fabricated using Intel’s reliable two layer 
polysilicon gate NMOS technology. (See Intel Reliability Report RR-24 on the 2910A, 2911A, and 2912.) The 
combination of advances in the switched capacitor techniques first used on the 2912 and the NMOS 
technology results in a monolithic 2912A filter which is packaged in a standard 16 pin DIP. 


For additional specs, operating characteristics, and applications information please see the 2912 data sheet. 


BLOCK DIAGRAM PIN CONFIGURATION 


VFxO (16) 


VFa! (10) 
PIN NAMES 
PDN @3) 
‘VFxIt, VFxI- ANALOG INPUTS “CLOCK INPUT 
CLK (2) GSx GAIN CONTROL CLOCK SELECTION 
VFxO ANALOG OUTPUT POWER DOWN _ 
CLKO (14) VFal _ANALOG INPUT POWER (+5V) _ 


VFRO __ ANALOG OUTPUT POWER (-5V) 
PWRI DRIVER INPUT | DIGITAL GROUND 
PWRI VFRO Vag Voc GRDD GRDA PWRO*, PWRO- DRIVER OUTPUT ANALOG GROUND 


CO) Pin wumBer 6) © Q@ @® ® 


AT&T is a registered trademark of American Telephone and Telegraph Corporation. 
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TRANSFER CHARACTERISTICS 


TRANSMIT FILTER RECEIVE FILTER 


/ \ 
+2 / | +2 
EXPANDED / | 
SCALE Jr | 
TYPICAL FILTER ; / | 
TRANSFER FUNCTION “I TRANSFER FUNCTION Penang | mt 
7 
ousidn EXPANDED 
200H: — *, 12508 , +0348 SCALE 
300 Hz 3000Hz 3300H: 
“ 7 " 


\ -.1dB 
. 3400Hz 


GAIN RELATIVE TO GAIN AT IkHz (dB) 


GAIN RELATIVE TO GAIN AT 1kHz (dB) 


TYPICAL EIRTER TYPICAL FILTER TRANSFER 
TRANSFER FUNCTION - -10 FUNCTION”! WHEN MULTIPLIED -10 
; [anco]| ™~ 1448 
ay | 828000) | 4000H: 
id nf y| x 
| \g000, | 
-20  -20 
| WHICH IS THE Sinx OUTPUT RESPONSE 
OF THE INTEL 2910A AND 2911A CODECS 
‘ -30dB 
WHERE x= =" 4600Hz 
: 8000 
1KHz 30 -30 
FREQUENCY (Hz) 
-40 -40 
K-50 
100Hz 1KHz 10KHz 
FREQUENCY (Hz) 
NOTES 


1. TYPICAL TRANSFER FUNCTION OF THE RECEIVE FILTER AS A SEPARATE COMPONENT 

2. TYPICAL TRANSFER FUNCTION OF THE RECEIVE FILTER DRIVEN BY THE SAMPLE AND 
HOLD OUTPUT OF THE INTEL 2910A AND 29114 CODECS. THE COMBINED FILTER/CODEC 
RESPONSE MEETS THE STATED SPECIFICATIONS. 


POWER SUPPLY REJECTION 
AVERAGE VALUES OVER 3 RANGES 


TRANSMIT FILTER RECEIVE FILTER 
At VF,O with VF,I* Connected to GRDA; Input Op Amp at Unity Gain At VF,O with VF,I Connected to GRDA 


: 8 
e : 
Z 2 
ri 3 
500 1000 5,000 10,000 50,000 500 1,000 5,000 10,000 50,000 
FREQUENCY (Hz) FREQUENCY (Hz) 


4-43 


intel 29128 ADVANGE INFORMATION 


ABSOLUTE MAXIMUM RATINGS* *COMMENT: 
Temperature Under Bias ........ —10°C to +80°C Stresses above those listed under ‘‘Absolute Maxi- 
Storage Temperature .......... ~65°C to +150°C | mum Rating’ may cause permanent damage to the 
Supply Voltage with Respect device. This is a stress rating only and functional op- 
PAV cat ssccericesspentesss —0.3V to +14.0V eration of the device at these or at any other condi- 
All Input and Output Voltages tion above those indicated in the operational sec- 
with Respect to Veg ......... —0.3V to +14.0V tions of this specification is not implied. Exposure to 
All Output Currents ..................05. +50mA | absolute maximum rating conditions for extended 
Power Dissipation ...................000. 1 Watt ' periods may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS 
Ta =25°C, Vec=+5V, Vap=—5V, GRDA=0V, GRDD=0V 


POWER DISSIPATION 
[ timits 
Symbol Parameter ee Test Conditions 


loco Vec Standby Current | | go _— PDN=Viyq MIN 


lect Vcc Operating Current, 

Power Amplifiers Inactive 2 mA PWRI=Vpp 
lIppi Vee Operating Current, 

Power = Inactive S mA PWRI=Vep 


ANALOG INTERFACE, TRANSMIT FILTER INPUT STAGE 


Common Mode Rejection, 

VFyI", VFyI- 75 
DC Open Loop Voltage 
Gain, GS, 6000 


A.C. CHARACTERISTICS 
Ta =25°C, Vec= +5V, Vep= —5V, GRDA=0V, GRDD=O0V 


—2.2V<Vin<2.2V, OdBmO 


TRANSMIT FILTER CHARACTERISTICS 


Total C Message Noise J Gain Setting Op Amp at 

at Output, VFxO [1] Unity Gain 

Total C igri Noise dBrncO | Gain Setting Op Amp at 
[1] 20dB Gain 


dBrncO | VFgO Output or PWRO™ and 
[1] PWRO Connected with Unity 
Gain 
NOTES: 


1. Anoise measurement of 15dBrnc into a 6002 load at the 291 2A device is equivalent to 9dBrnc0O. 


Total C Message Noise 
at Output, VFRO 


Ncr 


INTEL CORPORATION, 3065 Bowers Avenue, Santa Clara, California 95051 (408) 987-8080 
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2920-16 
SIGNAL PROCESSOR 


=» Real Time Digital Processing of 2 Multiple Analog Inputs and Outputs 
Analog Signals s On-Chip Sample and Hold Circuits 
= Nominal Signal Bandwidths from DC and D/A Converter 
to 10KHz a» On-Chip EPROM: User Program- 
a» Digital Processing Accuracy and mable and UV Erasable 
Stability a On-Chip Scratch Pad Memory 
» Special Purpose Instruction Set for = Analog and/or TTL Output 
Signal Processing Waveforms, User Selectable 
a» INTELLEC® Compatible Development = +5V Power Supplies 
System Software and Hardware = N-MOS Process 


a 2920-16 (Tcyc = 600 nsec), 2920-18 (Tcyc = 800 nsec) 


The Intel® 2920 Signal Processor is a programmable, single chip analog and digital signal processor 
specifically designed to replace analog subsystems in real time processing applications. Its instruction 
set plus the high precision (25 bits) digital arithmetic logic unit provides the capability to implement very 
complex subsystems. Typical functions performed by the 2920 include: Lowpass and Bandpass filters 
with up to 20 complex pole and/or zero pairs; Threshold Detectors; Limiters; Rectifiers; up to 25-bit 
multiplication and division; approximations to nonlinear functions such as square law and logarithm; 
logical operations; Input and Output multiplexing of signals; logical outputs for decision type processing; 
and analog outputs for multifrequency oscillators, waveform generators, etc. In addition, several 2920’s 
may be cascaded for very complex processing applications with no loss in throughput rate. 


vsP PROGRAM STORAGE ———— 
(EPROM) <——$—___—__________ RST/EOP 


RUN/PROG 


SIGIN (0) —————> 
SIGIN (1) 
SIGIN (2) & SIGOUT (1) 


SIGOUT (0) 


SIGIN (3) SIGOUT (2) 
SIGOUT (3) 
SIGOUT (4) 
SIGOUT (5) 


CLOCK LOGIC 
SIGOUT (6) 


& 
PROGRAM 
COUNTER SIGOUT (7) 


VREF +5V_ -5V OF GRDDGRDA M1 M2 


*EXTERNAL COMPONENTS 


Figure 1. Functional Block Diagram (Run Mode). 
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Function 


an output it signifies EOP instruc- 
tion present (open drain, active 
low). 


Indicates an overflow in the cur- 
rent ALU operation (open drain, ac- 
tive low). 

EPROM power Pin 0 volts for RUN 
mode. (Different voltage in pro- 
gram mode.) 

Two pins which specify the output 
mode of the SIGOUT pins (see 
Table 6). 


SIGOUT 3 Lj 1 
SIGOUT 4 L] 2 
SIGOUT 5 L} 3 


SIGOUT 6 L] 5 
SIGOUT 7 LJ 6 


28 [_] SIGOUT 2 
27 _] SIGOUT 1 
26 |_} SIGOUT 0 


2920-16 
PIN DESCRIPTIONS (RUN MODE) 
Symbol Function Symbol 
SIGOUT 8 pins corresponding to the 8 
demultiplexed analog outputs 
(0-7). 
GRDA Analog signal ground held at or OF 
near GRDD typically. 
CAP, & CAP, External capacitor connections for 
the input signal sample and hold VSP 
Circuit. 
VREF Input Reference Voltage. 
SIGIN 4 pins corresponding to the 4 M1, M2 
multiplexed analog inputs (0-3). 
Vep Most negative power pin set at —5 
volts during run mode (different 
voltage in program mode). 
X1/CLK Clock input when using external 
clock signals, oscillator input for 
external crystal when using inter- 
nal clock. 
Xo Oscillator input for external crystal 
when using internal clock. 
GRDD Digital ground. 
Voc 5 volts in run mode. 
CCLK Internal fetch cycle clock output. 
The falling edge designates the 
START of anew PROM fetch cycle. 
CCLK is 1/16 of X1/CLK rate. 
RUN/PROG ~— Mode control tied to GRDD in run 
mode. 
RST/EOP Low RST input initializes program 


fetch counter to first location. As 


PIN DESCRIPTIONS (PROGRAM MODE) 


Symbol 
DO,D1,D2,D3 


VBi, VB2, Ves 
Vs11, Vs, Vs3 


RUN/PROG 


Function 
4 pins carrying EPROM program 
data for both input and output 
(open drain, active low output; ac- 
tive high input). 
Digital ground in PROGRAM mode 
(different voltage for RUN mode). 
+ 5 volts in PROGRAM mode (func: 
tion changes for RUN mode). 
Mode control pin tied to ground for 
PROGRAM mode (voltage changes 
for RUN mode). 


Input pulse increments the nibble 
(4-bits) counter in PROG mode 
(function changes in RUN mode). 
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21 |_] RST/EOP 


SIGIN O Lj 10 
SIGIN 3 L} 11 


SIGIN 2 _] 13 
SIGIN 1 |] 14 


15 [J X,/CLK 


Figure 2. Run Mode Pin Configuration. 


Symbol 
VSP 


PROG/VER 


RST 


Function 


EPROM power pin +5 volts for 
VERIFY mode and +25 volts for 
PROGRAM mode (different voltage 
in RUN mode). 


Controls EPROM bi-directional 
data bus for verify (low) or program 
(high). 

Input pulse resets nibble counter 
to position zero for start of pro- 
gramming. 
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2920-16 


Figure 3. Program Mode Pin Configuration. 


FUNCTIONAL DESCRIPTION 


The Intel® 2920 is a programmable, single chip 
analog and digital signal processor which has 
been designed specifically to replace analog 
systems in real-time processing applications. The 
2920 operates its analog circuitry simultaneously 
with the digital circuitry thereby achieving the effi- 
ciency and speed needed for real-time operation. 
Digital circuitry includes: EPROM program 
storage, RAM scratch pad memory, clock and tim- 
ing circuitry, binary scaler, and the arithmetic 
logic unit (ALU). The analog circuitry is composed 
of 4 analog inputs, an input multiplexer, an input 
sample and hold (S&H), A/D and D/A converters, 
an output multiplexer, 8 analog outputs, and buf- 
fered output S&H’s. 


Once the EPROM is programmed, the 2920 is 
ready for operation as an analog subsystem. The 
following signal flow and operations can be 
described with reference to the functional block 
diagram shown in Figure 1. 


Clock and Timing Logic — The 2920 can use an 
external clock or can generate its own clock with 
an external crystal placed across Pins 15 and 16. 
The program counter is incremented one instruc- 
tion count for every 4 master clock cycles and 
continues to increment until it reaches a count of 
191. Instructions are executed sequentially and no 
program jumps are provided. The sample rate is 
determined by the number of instructions in the 
program and the instruction cycle time. A 6.67 
MHz clock (600 nsec instruction cycle time) anda 
full 192 instructions will result in a sample rate of 
8,680 Hz. 


Program Storage and Control — The EPROM is 
made up of 192 words with 24-bits per word. Each 


24-bit word contains 6 instruction fields (see 
Table 1) which control the individual subsystems 
in the 2920. 


RAM — The memory consists of a random-ac- 
cess read/write array organized as 40 words of 
25-bits each. The address space is extended to 
provide constants and access to a register (DAR) 
for interfacing the memory-ALU with the analog 
conversion section. The RAM is a two port 
memory where the “A” location is Read Only and 
passes via a scaler to the ALU as one operand. The 
“B” location data passes to the ALU input as its 
second operand and the ALU result is written back 
to it. Both the RAM and the ALU represent data in 
two’s complement format. All operations are per- 
formed in two’s complement arithmetic. Program 
operations are simplified by assuming the binary 
point to the right of the sign bit. 


An extended address space is used to generate 
constants within the program. It is accessed 
through the “A” port only and may be addressed 
using the last 16 locations of the “A” address field 
(i.e., ““A” address 11XXXX). The constant is deter- 
mined by the 4 least significant “A” address bits. 


These 4 bits are treated as the 4 most significant 
bits at the input to the binary shifter. A sequence 
of extended addresses with shift operations can 
generate any constant up to 25 bits long. 


The DAR is 9 bits wide and can be accessed in 
several ways. AS a memory location, the DAR oc- 
cupies the 9 most significant bit positions of the 
25-bit word and can be accessed as ‘A”’ and/or 
“B” port. The DAR output is also tied directly to 
the D/A converter inputs and is used as a suc- 
cessive approximation register for A/D conversion 
under control of the analog function instruction 
fields. Each bit position of the DAR can also be 
selected and tested for conditional arithmetic 
operations. 


Binary Shifter — The 2920 has a binary shifter bet- 
ween the memory “A” port output and the ALU 
“A” operand input. This feature allows the ‘‘A”’ 
operand to be scaled by any magnitude between 
2? and 2-13 (left shift 2 to right shift 13). When a 
number is shifted right vacated bit positions are 
filled with the sign bit. (2’s complement arithmetic 
shift). Shift op codes are shown in Table 2. 


ALU — The Arithmetic-Logic Unit calculates a 
25-bit result based on an operation performed on 
the scaled “A’”’ and the “B” operands delivered 
from memory. The 25-bit result is written back in- 
to the ‘‘B’’ memory location near the end of the in- 
struction cycle. The ALU has logic to accom- 
modate the left shift scaling. For arithmetic opera- 
tions, this logic is used to calculate a 25-bit result 
for normal operations and to maintain the sign bit 
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when an overflow occurs. An overflow occurs only 
when the magnitude of the result is larger than the 
largest number that can be stored in memory (25 
bits). In that event, the result is set to the largest 
magnitude value with the correct sign. This 
overflow algorithm protects the continuity of the 
digitized analog signals and helps maintain the 
stability of the signal processing functions im- 
plemented. It is analogous to an overdriven 
amplifier going into saturation. 


instruction Set — The 2920 assembler uses the 
following program format to specify the 24-bit in- 
struction word stored in the EPROM: 


INSTRUCTION ADDRESS ADDRESS CODE INSTRUCTION 
BITS) (6 BITS) (6 BITS) (4 BITS) 


All processing subsystems are implemented us- 
ing a combination of analog and digital instruc- 
tions to input and output signals and/or data, and 
to realize the processing functions respectively. 


The analog input and output instructions are IN(K) 
and OUT(K) respectively. A sequence of IN(K) in- 
structions followed by the sign conversion and 


amplitude conversion instructions CVTS and 
CVT(K) respectively are used to perform the input 
A/D conversion. A simple sequence of OUT(K) in- 
structions is all that is needed to output a 9-bit 
amplitude on channel K. Other analog instruc- 
tions are the EOP instruction which must be plac- 
ed at ROM location 188, NOP which is simply a 
no-operation, and CNDS or CND(K) which are con- 
ditional operators which select and test a bit in 
the DAR for the conditional ADD or LDA instruc- 
tions or define the destination of the carry bit for 
the conditional SUB instruction. 


The ALU arithmetic instructions are 
ADD,SUB,LDA which perform the operations of 
addition, subtraction, and data transfer respec- 
tively. When these instructions are conditioned, 
they may be used to perform multiplication or divi- 
sion by a variable or data dependent switching. 


Other digital instructions include the absolute 
value ABS, the absolute value and add ABA, and 
the ideal limit instruction LIM. 


These instructions and their corresponding op 
codes are detailed in Table 3. 


Table 1. Nibble Organization For Loading Program 


0 
of 1 }2 fo 


1 2 3 * ) 
B2)as}B3} a4) |B4}as|es}ao] [Bo] 0/1] 2) |3}o]i|2 


~¢- ADK-|-«-ADF-»|<______- MEMORY ADDRESSES —————>|«— SHF — >| ALU» 


Note: The input pins for each nibble bit from left to right 
are DO, D1, D2, D3. 


Table 2. Shift OP Codes 


Operation 


Shift Right 13 Bits 
Shift Right 12 Bits 


Shift Right 1 Bit 
No Shift 

Shift Left 1 Bit 
Shift Left 2 Bits 


| OpCode Code 


Scale Factor 


o- +— Ocee— © 
= O--+ Oese— © 


, 
0 
° | 3 
0 | 0 
1] 1 
1] 1 
a 
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Table 3. Instruction Set And OP Codes 


(Ax2N) + B B 
B - (Ax2N) B 
(Ax2N) + 0 B 
B 
B 
B 


(Ax2N) @B 

(Ax2N) eB 

|(Ax2N) | 

\(Ax2N)| +B B 

Sign(A) ~+ F.S.— B/4! 

(Ax2N) +B B IFF DAR(K 
(K 


[3] [3] 


ADD CND(_)!2! 


B B IFF DAR 


) 
) 
1 


SUB CND(_ YEE! B - (Ax2N) & CY -DAR(K) IFF CYp = 
B + (Ax2N) & CY +DAR(K) IFF CYp =0 
LDA CND(_)I/2! 4 (Ax2N) —————_+ IFF DAR(K 


B 
(Ax2') +B 
(Ax2‘) @ B 


ABA!) CND(_ )!! 
XOR CND( )P® 


Analog instructions 


B 
B 
B 
B IFF DAR(K 
B 
B 


Signal Sample from Input Channel K 
D/A to Output Channel K 

Determine Sign Bit 

Perform A/D on Bit K 

Program Counter to Zero 

No Operation 

Select Bit K for Conditional Instructions 
Select Sign Bit for Conditional Instructions 


Notes: 1. Op codes ALU and ADF are in binary notation, ADK is in decimal notation and represents the value ‘“‘K’’ when ap- 
propriate. 


2. CND(_ ) can be either CND(K) or CNDS testing amplitude bits or the sign bit of the DAR respectively. 

3. Determined by analog instructions below. 

4. B is set to full scale (F.S.) amplitude with the same sign as the “A” port operand. 

5. The previous carry bit (CYp) is tested to determine the operation. The present carry bit (CY) is loaded into the Kth bit loca- 
tion of the DAR. ‘‘Present carry (CY) is generated independent of overflow. It will represent the carry (CY) of a calculated 
28-bit result.” 

6. EOP will also enable overflow correction if it was disabled during a program pass. The EOP must occur in ROM location 
188. 


7. Determined by digital instructions above. 

8. For SUB CNDS operation CY — DAR(S). 

9. Does not affect DAR. In this case, CND is used with XOR/ABA to enable/disable the ALU overflow saturation algorithm. 
Use of either instruction causes the ALU output to roll over rather than go to full scale with sign bit preserved. An EOP 
instruction will also enable the ALU overfiow saturation algorithm. 

10. Clarification of CYoy; sense for certain operations. For LDA, XOR, AND, ABS; CYoy7—0. 
11 Recommend that the ABS & ADD instructions be used in place of ABA. The ABA instruction typically runs 2 MHz slower. 
The saturation logic, however can be set and reset at full speed. 


Input Multiplexer and S&H — The input channels -54dB. For systems which require less dynamic 
consist of four analog sampling switches which range, the input acquistion time can be reduced. 
use a common external sampling capacitor. The For a 600 nsec. cycle approximately eight IN(K) in- 
external capacitor should be approximately 500pF structions would be required. For serial digital in- 
to yield an offset of less than —¥% LSB. The ac- puts, fewer IN(K) instructions can be used. For 
quisition time should be approximately six times systems with 2920 cycle times much greater than 
the RC time constant of the sample and hold cir- 600 nsec., the external sampling capacitor should 
cuitry (i.e. 500 pF times 1.5KQ equals 750 nsec.). be increased to 1000 pF to reduce the droop rate 
Acquisition time equal to six or more time con- with a corresponding increase in the RC time con- 
stants should keep the input crosstalk to below stant. 
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A/D-D/A Conversion — The successive approx- 
imation analog to digital conversion is performed 
under program control. It uses the CVTS instruc- 
tion first to set the sign bit and the CVT(K) instruc- 
tion to determine the value of the Kth DAR bit star- 
ting with the MSB. NOPs equivalent to 1.2 usec. 
must follow each CVT(K) instruction to allow the 
D/A to settle. All A/D conversions of 2 bits or more 
must have “ADD DAR, KM2, RO, CND6” im- 
mediately following the CVTS instruction follow- 
ed by NOPs equivalent to 1.2 usec. In addition, 
after CVT3, CVT2, and CVT1, “LDA X,X,RO,CND4” 
must immediately follow the CVT instruction with 
additional time in NOPs to meet the 1.2 usec. 
minimum before the next CVT(K) instruction. The 
CND4 instructions are required to minimize input 
crosstalk. The suggested conversion sequence 
for nine bit resolution with the 2920 cycle time 
equal to 600 nsec. is shown below in Table 4. 
Digital inputs and inputs with less than nine bits 
resolution will have a shorter sequence. 


Table 4. Suggested Input And Conversion Sequence 


IN(K) 
IN(K) 
IN(K) 
IN(K) 
IN(K) 
IN(K) 
IN(K) 


- CVT3 


IN(K) LDA X,X,RO, CND4 

NOP : » » NOP 

‘ ‘ , . CVTS , - « » CVT2 
ADD DAR,KM2,RO, CND6 /|LDAX,X,RO, GND4 
é ‘ ; . NOP ‘ » » —= (NOP 
NOP « w+ « CYT 

LDA X,X,RU, CND4 

: »- « NOP 

. CVTO 


Continue Next Column 


where ‘‘,” equals available digital instruction 


Output Demultiplexer and S&Hs — The 2920’s 
eight analog output channels include a sample 
and hold circuit per channel demultiplexed froma 
common, buffered D/A output. Two rules for out- 
putting samples are: (1) No outputting should 
be done while writing to the DAR. (2) A se- 
quence of analog NOP instructions equal to 6 
usec. should be used to settle the D/A converter, 
and a sequence of OUT(K) instructions equal to 1 
usec. should be used to settle the S&H output. In 
addition, to minimize output crosstalk, a dummy 
Output to an unused channel should be performed 
prior to outputting to the desired channel. The 
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suggested sequence for a nine bit resolution out- 
put with a 600 nsec. cycle time is outlined in Table 
5. For outputs that require less than nine bits 
resolution or digital outputs, the number of NOPs 
and OUT(K)s can be reduced. 


Table 5. Suggested Output Sequence 


DIGITAL ANALOG 


LDA,DAR,X,RO, NOP 


where K=desired output and X= wasted output 
K # X, ‘“‘e” available digital instruction. 


Conditional operations should not immediately 
precede or follow an OUT instruction. Otherwise a 
CND(K) may affect the value of the Kth output. 


TTL Output — The SIGOUT(K) pins can be 
selected to be either analog out or TTL compatible 
as seen in Table 6. The analog mode allows the 
full 9-bit D/A output to be present. The TTL mode 
requires a L/M instruction to yield a “0” or ‘1” 
decision. This output can be presented to the 
SIGOUT(K) pins and is compatible to a single TTL 
gate or equivalent. The internal threshold required 
is + 1.5 volts for a high level output. An external 
pullup resistor to Vcc is also required. 


Table 6. Output Mode For Sigout Pins As 
Function Of M1 And M2 


re 
? 


0-3 TTL, 4-7 Analog 
0-7 TTL 


Reference Voltage — The internal D/A converter 
requires a single positive reference voltage 
(VREF) to establish its voltage range. This user 
supplied reference can range from 1V to 2V. The 
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resulting input and output signal voltage range is 
+ VREF. For full 9-bit resolution and best lineari- 
ty, VREF=1V. If the TTL output is required, 
VREF>1.5V is necessary. The minimum voltage 
step (LSB) of the D/A converter is Vprer/256 volts. 
Voltage variations On Vpe_er will appear as noise to 
the D/A converter. It is therefore necessary to pro- 
vide a noise free voltage source for the reference. 
The input signal voltage range is (+ VREF)— % 
LSB. Recommended maximum negative output is 
— 1.0 volts. 


2920 DEVELOPMENT SUPPORT TOOLS 


Support tools for the 2920 are based on the 
Intellec® Microcomputer Development Systems. 
A 2920 Software Support Package (SPS-20) con- 
sisting of the Signal Processing Applications 
Software/Compiler (SPAS-20), the 2920 Software 
Simulator, and the 2920 Assembler is available to 
facilitate design and development efforts. EPROM 
programming support includes the Intel EPROM 
programmer and the 2920 personality module 
(UPP-820). A complete Signal Processing Support 
System (MCI-20-DS1) consisting of the 
Microcomputer Development System, the 2920 
Software Support Package, the EPROM program- 
mer and personality module is recommended and 
is available at a reduced price. 


The 2920 Signal Processing Applications Soft- 
ware/Compiler is an interactive tool for designing 
software to be executed on the 2920 Signal Pro- 
cessor. The compiler accepts English-like 
statements from the user and generates 2920 
assembly language code. 


The assembler translates symbolic 2920 assembly 
language programs into the machine operation 
codes. The user can load the codes into the 2920 
simulator or to the Universal EPROM Programmer 
for programming the 2920 itself. 


The simulator, operating entirely in software, 
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allows the user to test and debug 2920 programs. 
The user can specify input signals, simulate pro- 
gram execution, set-up breakpoints, display input 
and output, display and alter the contents of the 
2920 registers and memory locations, and to 
graph the output waveforms. 


The compiler, assembler and simulator enable the 
designer to develop and test an entire program 
without programming the device. The 2920 
designer works at the Intellec® Microcomputer 
Development System rather than at a breadboard. 
The development system facilitates the designing 
and testing of 2920 applications. 


EPROM PROGRAMMING 


The 2920 EPROM in the programming mode is ar- 
ranged as a 1152 by 4-bit memory. Each instruc- 
tion (24-bits) is loaded as 6 nibbles (4-bits) as 
seen in Table 3. Figure 7 shows the timing rela- 
tionships of the signals required to program and 
verify the EPROM contents. In the program mode 
all voltages are referenced to Vgp which is set to 
digital ground, thereby allowing TTL logic to be 
used for controlling the programming cycle. The D 
pins are bidirectional with the direction controlled 
by the PROG/VER pin. A high level at the 
PROG/VER pin switches to input mode, a low to 
output mode (see Figure 7). This feature allows 
the programmed data to be verified before going 
on to the next address. 


The internal nibble counter is incremented during 
the falling edge of INCR. 1152 INCR transitions 
will complete the full program cycle. To initialize 
at address (nibble) 0, RST must be pulsed low, 
then INCR can be issued. From then on, program- 
ming is accomplished according to Figure 7. 


The RUN/PROG pin must be tied to Vag and VSP 
should be pulsed between +5V and + 25+ 1V at 
15mA maximum. The D pins have an open drain in 
the output direction. 
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1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 az 
8 8 
9 9 


(A) Run Mode (B) Program Mode 


Analog grounding is connected to the GRDA lead. The GRDA and GRDD lead are not connected inside the 
2920. An external connection is thus necessary outside the device to tie all the analog ground lines to the 
common return of the system GRDD. That external connection has to have a minimal impedance (ground 
plane) to avoid a DC offset in the 2920. 

2. Pullup resistor at Pin 21 is only required if an EOP instruction is used. 

3. Stray capacitance must also be considered. The sum should not exceed 15pF. 

4. Opaque tape must cover EPROM window during run mode. 


Figure 4. Typical Power Hookups for Run and Program Mode 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias............ —- 40°C to + 80°C 
Storage Temperature............. -— 65°C to + 150°C 
Supply Voltage with Respect to Vag....—0.5V to + 14V 
All input Voltages............... — 0.5V to (Voc + 1V) 
DUPINS  vcccagwewdesteseaeweenss -1V to (Voc + 1V) 
POWOr EISSIPAHON avs da cicwodecevadoevavax ea’ 1.5W 
*COMMENT 


Stresses above those listed under ‘Absolute Maximum 
Ratings” may cause permanent damage to the device. This is a 
stress rating only and funciional operation of the device at 
these or any other conditions above those indicated in the 
operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


*X2 must be high 45-50% of the period and X1 must be 
high 50-55% of the period 


Rise and fall times must be less than 20 nsec. and overlap 
must be less than 5 nsec. nas 


Figure 5. External Clock Driver 
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D.C. AND OPERATING CHARACTERISTICS (Run Mode) 
Ta=0°C to +70°C, Voc=5V +5%, Vag= —5V +5% 
(SIGIN(K), SIGOUT(K)) 


ANALOG 


Symbol 
Z 
ZsH 


Ta 
X\ 
Vip 
Vir 
Vios 


lize 
G 


Xo 
Vor 
Voos 
Voze 


Go 


Toa 
Gr 


IvR 


DIGITAL 


Parameter 


[Min | Typ. [ Max 


Tinput impedance iY tO 
[S&H impendance «dT ——i«dt as | (| ko 
[AD Resoution | |_| 8 | its 
‘input Difrential Linearity |_| 21 |_| 188 
input integral Linearty | | 21 |_| 188 
[aperture —SS«d Sd | (dC 
‘input Grosstak ————+(| «dt | | 
‘input Droop Rate | | so |_| we 
‘input Voltage Range «YC WE 
‘input Zero Ofteet ———S«dT Sit | (| 
input Zero Grossing Eror | +t ‘|| mv 
input Gain 
a 
input Acquistion time | | 4800 |_| eee 
|Outputimpedance || TLC 
[Output Drive Curent | | «0 |_| 1A 
_ 


D/A Resolution 


Output Differential Linearity 


| 9 | bits 
Wn is 


Output Integral Linearity Tae, ee 


[Output Grosstak || || 
Output DroopRate «| Si (| it 
[Output Voltage Range [10] | +t | VV 
[OutputZeroorteet | |= —«| = 100) mv | 
[Output Zero Crossing Error | «|= 8 =| «|v 
FOuputGain Cf | TTS 
a a 
| | 6000 | | nsec | 9 bit resolution* 
[Throughput Gain SSSSCs|~Si| TST SC 
VREF | Voltage Reference Level | 10 | —*(| 20| V_ 
[Voltage Reference Current | 60 | | 15 | oA 


(OF, CCLK, EOP in TTL Mode) 


[Low Level input Curent | [| 0 | ma 


Output Acquistion Time 


PRELIMINARY 


Test Conditions 
Unsampled input 
Series resistance with S&H 


Equivalent SNR=60dB @ 10KHz 
Input to input* 
500pF cap. with dark cover 


ratio of Neg. & Pos. gains 
9 bit resolution* 


20pF load 


SIGOUT load 100KQ 
—1<SIGOUT< 1 


SIGOUT load 100K 
—1<SIGOUT< 1 


Output to output* 
@ 70°C with dark cover 


ratio of Neg. & Pos. Gains 
A/D to DIA 


VREF equal 1 volts 


Vin< Vit 
Vin< Vin 


lo. = 2.5mA, CCLK ONLY 


*See text for explanation 
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POWER DISSIPATION 


Tce Cycle Start to EOP Valid 
EOP Hold Time 
TeH OF Release Time 


Limits 

synbot | __rarmoter_—__ | Wn Tap [ Wa | nt Tent Condon 
loc Operating Current | | 30 | 50 | ma. Voc=5V + 5% 
Ine Operating Current | | 110 | 150 | mA | Vap=5V + 5% 

A.C. CHARACTERISTICS (Run Mode) 

Ta=0°C to + 70°C, Voc= 5V, Vag= —5V 

Tove Instruction Cycle Period 2920-16 | 600 | 4 clock cycles 

2920-18 | 800 


=_ 
m 
= 
PY 
< 
& 


Figure 6. Run Mode Timing. 


D.C. AND OPERATING CHARACTERISTICS (Program Mode) 
Ta = 0°C to +70°C, Vss = 5V, Ves = OV 


Limits 
Symbol Parameter | Min. | Typ. | Max. | Test Conditions 


POWER DISSIPATION (Program Mode) 


iss] Operating Current | | 700 |_| mA |Ves=5V+ 10% 
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A.C. CHARACTERISTICS (Program Mode) Ta = 0°C to +70°C, Vss = 5V, Vag = OV 


Test Conditions 


Parameter 


ED | 
” 


=) 
” 


ce eS Ls 
elelsls 


n” 


3 
wn 


PROG/VER 


Figure 7. Program Mode Timing. 
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8021 
SINGLE COMPONENT 8-BIT MICROCOMPUTER 
= 8-Bit CPU, ROM, RAM, I/O in Single = 1K x 8 ROM 
28-Pin Package 64 x 8 RAM 
2111/0 Lines 
# Single 5V Supply (+4.5V to 6.5V) 
# Interval Timer/Event Counter 
a 8.38 ypsec Cycle With 3.58 MHz XTAL; 
All Instructions 1 or 2 Cycles # Clock Generated With Single Inductor 
or Crystal 
# Instructions— 8048 Subset = Zero-Cross Detection Capability 
® High Current Drive Capability—2 Pins = Easily Expandable I/O 


The Intel® 8021 is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using Intel’s N- 
channel silicon gate MOS process. The features of the 8021 include a subset of the 8048 optimized for low cost, 
high volume applications, plus additional |/O flexibility and power. 


The 8021 contains 1K X 8 program memory, a 64 X 8 data memory, 211/0O lines, and an 8-bit timer/ event counter, in 
addition to on-board oscillator and clock circuits. For systems that require extra |/O capability, the 8021 can be 
expanded using the 8243 or discrete logic. 


This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8021 has bit 
handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results 
from an instruction set consisting mostly of single byte instructions and no instructions over two bytes in length. 


To minimize.the development problems and maximize flexibility, an 8021 system can be easily designed using the 
8021 emulation board, the EM-1. The EM-1 contains a 40-pin socket which can accommodate either the 8748 
shipped with the board or an ICE-49 plug. Also, the necessary discrete logic to reproduce the 8021’s additional I/O 
features is included. 


64 WORDS 
DATA 
MEMORY 


1024 WORDS 
PROGRAM 
MEMORY 


Vcc 
p21 
P20 
P17 
P16 
P15 
P14 
P13 
P12 
P11 
P10 
RESET 
XTAL 2 
XTAL 1 


PORT 
#1 
PORT 
#2 


ADDRESS 
LATCH 
ENABLE 


RESET 


TEST 


EXPANDER 
STROBE 


8-BIT 
TIMER/ 
EVENT COUNTER 


21 
1/0 LINES 


Figure 1. Figure 2. Figure 3. Pin 
Block Diagram Logic Symbol Configuration 
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Table 1. Pin Description 


Circuit GND potential 
+5V power supply 


Output strobe for 8243 1/O 
Expander 


8-bit quasi-bidirectional port 


i 
PROG 


POO-P07 
Port 0 
P10-P17 
Port 1 
P20-P23 
Port 2 


8-bit quasi-bidirectional port 


4-bit quasi-bidirectional port 


P20-P23 also serve as a 4-bit I/O 
expander bus for 8243 


T1 Input pin testable using the JT1 
and JNT1 instructions. Can be 
designated the timer/event 


counter input using the STRT 


Table 2. Instruction Set Summary 


Hexadecimal 


Mnemonic Description Bytes Cycle Opcode 


ADD A,Rr Add register toA 

ADD A@R Add data memory toA 

ADD A,#data Add immediate toA 

ADDC A,R, Add register with carry 

ADDC A,@R_ Add data memory with 
carry 

ADDC A,#data Add immediate with 
carry 

ANL A,R, And register to A 

ANL A,@R And data memory to A 

ANL A,#data And immediate to A 

ORL A,R, Or register to A 

ORL A,@R Or data memory to A 

ORL A,#data Or immediate to A 

XRL A,Ry Exclusive Or register 

to A 
Exclusive Or data 
memory to A 

XRL A,#data Exclusive Or immediate 
toA 

INC A Increment A 

DEC A Decrement A 

CLRA Clear A 

CPLA Complement A 

DAA Decimal adjust A 

SWAP A Swap nibbles of A 

RLA Rotate A left 

RLC A Rotate A left through 
carry 

RRA Rotate A right 

RRC A Rotate A right through 
carry 


Accumulator 


XRL A.@R 


1 
1 
1 
1 
1 
1 
1 
1 


IN A, Po Input port to A 08,09,0A 

OUTLP,A Output A to port 90,39,3A 
MOVD A.Pp Input expander port OC-OF 
toA 

Output A to expander 3C-3F 
port 

And A to expander port 9C-9F 

Or A to expander port 8C-8F 


MOVD Pp.A 


Input/Output 


ANLD Po.A 
ORLD Pp.A 


Increment register 
Increment data memory 


Registers 


Data Moves Flags | Subroutine 


Timer /Counter 


Mnemonic 


JMP addr 


JMPP @A 
DUNZR,,, addr 


JC addr 
JNC addr 
JZ addr 
JNZ addr 
JT1 addr 
JNT1 addr 
JTF addr 


CALL addr 


RET 


MOV A,R, 
MOV A,@R 
MOV A,#data 
MOV R;,A 
MOV @R,A 
MOV R,,#data 


MOV@R , #data 


XCH A,R, 


XCH A.@R 


XCHDA,@R 


MOVP A,@ A 


MOV A,T 
MOV T,A 
STRT T 
STRT CNT 
STOP TCNT 


NOP 


CNT instruction. Also allows 
zero-crossover sensing of slowly 


moving inputs. 


Input used to initialize the proc- 
essor by clearing status flip-flops 
and setting program counters to 


zero. 


Address Latch Enable. Signal 
occurring once every 30 input 
clocks, used as an output clock. 


One side of crystal or inductor 
input for internal oscillator. Also 
input for external source. (Not 


TTL compatible.) 


Other side of timing control 


element. 


Description 


Jump unconditional 


Jump indirect 

Decrement register and 
jump on R not zero 

Jump on carry=1 

Jump on carry=0 

Jump on A zero 

Jump on A not zero 
Jump on T1=1 

Jump on T1=0 

Jump on timer flag 


Jump to subroutine 
Return 


Clear carry 
Complement carry 


Move register to A 

Move data memory to A 

Move immediate to A 

Move A to register 

Move A to data memory 

Move immediate to 
register 

Move immediate to 
data memory 

Exchange A and 
register 

Exchange A and data 
memory 

Exchange nibble of A 
and register 

Move to A from current 
page 


Read timer /counter 
Load timer /counter 
Start timer 

Start counter 

Stop timer/counter 


No operation 


Hexadecimal 
Opcode 


04,24,44,64, 


B3 
E8-EF 


F6 
E6 
C6 
96 
56 
46 
16 


14,34,54,74 


83 
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FUNCTIONAL SPECIFICATIONS 


The following is a functional description of the 
major elements of the 8021. 


Program Memory 


The 8021 contains 1K X 8 of mask programmable 
ROM. No external ROM expansion capability is pro- 
vided. 


Data Memory 


A 64 X 8 dynamic RAM is located on chip for data 
storage. All locations are indirectly addressable and 
eight designated locations are directly addressable. 
Also, included in the memory is the address stack, 
addressed by a 3-bit stack pointer. 


Memory is organized as shown in Figure 4. The least 
significant 8 addresses, 0-7, are directly addressable 
by any of the 11 direct register instructions. The 
locations are readily accessible for a variety of 
operations with the least number of instruction 
bytes required for their manipulation. 


Registers 0 and 1 have yet another function, in that 
they can be used to indirectly address all locations 
in memory, using the indirect register instructions. 
These indirect RAM address registers, IRAR’s, are 
especially useful for repetitive-type operations on 
adjacent memory locations. The indirect register 
instruction specifies which IRAR to use, and the 
contents of the IRAR is used to address a location in 
RAM. The contents of the addressed location is 
used during the execution of the instruction, and 
may be modified. A value larger than 63 should not 
be preset in the IRAR when selected by an indirect 
register instruction. IRAR’s may point to addresses 
0-7, if desired. 


Locations 8-23 may be used as the address stack. 
The address stack enables the processor to keep 
track of the return addresses generated from CALL 
instructions. A 3-bit stack pointer (SP) supplies the 
address of the locations to be loaded with the next 
return address generated. The SP to this pushdown 
stack is incremented by one after a return address is 
stored, and decremented by one before an address 
is fetched during a RET. A total of 8 levels of nesting 
is possible. The SP is initialized to location 8 upon 
RESET. Since each address is 10 bits long, two bytes 
must be used to store a single address. The SP is 
incremented and decremented by one, but each 
increment or decrement moves the address pointed 
to by two. Therefore, only even numbered addresses 
are pointed to. 


lf a particular application does not require 8 levels 
of nesting, the unused portion of the stack may be 
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LOC 24-63 


LOC 8-23 


CAN BE USED FOR 


INDIRECTLY ADDRESS STACK 


ADDRESSABLE 
BY 


IRARO OR 1 


DIRECTLY 
ADDRESSABLE 


Figure 4. Internal RAM Organization 


used as any other indirectly addressable scratchpad 
location. For example, if only 3 levels of subroutine 
nesting are used, then only locations 8-15 need be 
reserved for the address stack, and locations 16-63 
can be used for data storage. The actual program 
counter address is not stored in the address stack. A 
separate register retains its value. 


Oscillator and Clock 


The 8021 contains its own onboard oscillator and 
clock circuit, requiring only an external timing 
control element. This control element can be a 
crystal, inductor, or clock in. The capacitor normally 
required in inductor timing control operation is 
integrated onto the 8021. All internal time slots are 
derived from the external element, and all outputs 
are a function of the oscillator frequency. Pins X1 
and X2 are used to input the particular control 
element. An instruction cycle consists of 10 states, 
and each state is a time slot of 3 oscillator periods. 
Therefore, to obtain a 10 usec instruction cycle, a 
3 MHz crystal should be used. 


Timer/Event Counter 


An interval timer is available to enable the user to 
keep track of time elapsed or number of events 
occurred, during normal program execution and 
flow. 


By aMOVT,Ainstruction, the contents of the accumu- 
lator are loaded tothe timer. Atthe STRT T command 
an internal prescaler is zeroed and thereafter incre- 
ments once each 30 input clocks (once each single 
cycle instruction, twice each double cycle instruction). 
The prescaler is a divide by 32. At the (11111) to 
(00000) transition the timer is incremented. The 
timer is 8 bits and an overflow (FFH) to (OOH) timer 
flag is set. A conditional branch is available for 
testing this flag, the flag being reset each test. 
However, the flag is not reset by system RESET. 
Total count capacity for the timeris 28 x 25 = 8192 
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or81.9 msec ata 10 usec cycle time. Contents of the 
timer are moved to the accumulator by the MOV A,T 
instruction without disturbing the counting process. 


The timer may also be used as an event counter. 
Aftera STRT CNT command, the chip will respond 
to a high to low transition on the Test 1 pin by 
incrementing the timer. Transitions can occur no 
faster than one each three instruction cycles. 


Thetimer and event functions are exclusive. Counting 
or timing may be started or stopped (STOP TCNT) 
at will. 


Input/Output Capabilities 


The 8021 I/O configurations are highly flexible. A 
number of different configurations are possible, 
tailoring an 8021 to a given task. Other than the 
power supply and dedicated pins, all other pins (20) 
can be used for input, output, or both, depending on 
the configuration. 


P20-P23 and P10-P17 are quasi-bidirectional, and 
Test 1 is directly testable through program control. 
A simplified schematic of the quasi-bidirectional 
interface is shown in Figure 5. This configuration 
allows buffered outputs, and also allows external 
input. When writing a “0” or low value to these ports, 
the large pulldown device sinks an external TTL 
load. When writing a “1”, a large current is supplied 
through the large pullup device to allow a fast data 
transfer. After a short time (less than one instruction 
cycle), the large device is shut off and the small 
pullup maintains the “1” level indefinitely. However, 
inthis situation, an input device capable of overriding 
the small amount of sustaining current supplied by 
the pullup device can be read. (Alternatively, the 
data written can be read). So, by writing a “1” to any 
particular pin, that pin can serve either as a true 
high-level latched output pin, or just as a pullup 
resistor on an input. This allows maximum user 
flexibility in selecting his input or latched output 
pins, with a minimum of external components. 


Port 00-07 is also quasi-bidirectional, except there 
is no large pullup device. As outputs, this port is 
essentially open drain. 


By mask option the small pullup devices on POO-P07 
may be deleted on any pin providing a true open 
drain output. This is useful in driving analog circuits 
and certain loads, such as keyboards. 


Also available is the 8243 I/O expander chip, which 
provides additional I/O capability with a limited 
number of overhead pins. This chip has 4 directly 
addressable 4-bit ports. It connects to the PROG 
pin, which provides a clock, and pins P20-P23, 
which provide address and data. These ports can be 
written with aMOVDP,A; ANLDP,A; and ORLDP,A 
for Ports 4-7. A high to low transition on PROG 
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signifies that address and control are available on 
P20-P23. The previous data on P20-P23 before an 
output expander instruction is lost. Therefore, when 
using an output expander P20-P23 are not useful for 
general input/output. Reading is via the MOVD A,P. 
This circuit configuration is shown in Figure 6. 
The Test 1 pin has a special bias input that allows 
zero-crossover sensing of slowing moving inputs. 
This is especially useful in SCR control of 60 Hz 
power and in developing time of day routines. As a 
ROM mask option there is a pullup resistor that is 
useful for switch contact or input or standard TTL. 
See Figure 7. 


INTERNAL 


BUS 


WRITE TO 
PORT 


Figure 6. I/O Expander Interface 


(a) ZERO CROSS DETECT 


EXTERNAL 
CAPACITOR 


—4 
PIN 


(b) OPTIONAL PULLUP RESISTOR 


EXTERNAL PIN 
SWITCH _| 


Figure 7. Test 1 Pin 
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CPU 


The 8021 CPU has arithmetic and logical capability. 
A wide variety of arithmetic and logical instructions 
may be exercised, which affect the contents of the 
accumulator, and/or direct or indirect scratchpad loca- 
tions. Provisions have been made for simplified BCD 
arithmetic capability through the use of the DA A, 
SWAP A, and XCHD instructions. In addition, MOVP 
A, @A allows table lookup for display formatting 
and constants. Jump conditions such as zero, not 
zero refer to the accumulator contents at the time of 
the condition. 


8021 Testing and Debug 


To facilitate testing and debug, certain test modes 
may be activated in the 8021 by raising combinations 
of RESET, TEST 1 and PROG to 15 volts. Internal 
ROM is dumped out sequentially for verification. 
External memory operation is used for CPU checkout. 


Reset Prog Test i Case Function 


5V X X Power On Clear 
OV X X Normal Operation 
15V 15V _I L. Modeib On every TEST 1 rising 


edge the program counter 
increments, dumps inter- 
nal ROM to Port 0. 

Chip will operate from 
external memory (one 
page) via Port 0. ALE 
strobes Address out, 
memory in. 

Chip accepts op codes 
into Port 1. Allows Port 0 
and 8243 testing. 


15V X X 


X = Normal mode-between OV and Vcc 


Differences Between the 8021 and 8048 


Although the 8021 is basically an electrical and 
functional subset of the 8748, there are some differences: 


1. Pin Out—As the 8021 is a 28-pin DIP, some form 
of adapter must be used to interface the 8021 
socket to ICE-49. An emulation board, EM-1, has 
been designed to perform this function. The 
EM-1 also accounts for the increased flexibility 
of some 8021 1/O lines. 


2. Instruction Time — The 8021 instruction cycle is 
30 clock cycles long, the 8078 instruction cycle is 
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15 clocks long. Where exact timing is important 
the 8048 breadboard part should be operated at 
half the 8021 clock rate. 


3. Test 1—To facilitate developing time of day rou- 


tines from 60 Hz, and for SCR control, the Test 1 
pin without the pullup resistor option will detect 
zero crossing of acapacitively coupled AC input. 


4. Quasi-Bidirectional Ports—All 8021 ports are 


quasi-bidirectional to facilitate stand-alone use. 
Port 0 has open drain outputs and by mask 
option it may or may not have pullup resistors. 


5. Oscillator— The 8021 has on-chip oscillator that 


is optimized for the single inductor mode. Ex- 
ternal connection will differ from the 8748. 


6. Timer/Counter—1. |f prescaler overflow occurs 


during a“STRT T” or “STOP TCNT” instruction, 
the 8048 will increment the timer, while 8021 will 
not. 2. The 8021 sets the timer flag in the same 
cycle as the overflow. The 8048 waits one cycle. 
Therefore the 8021 can doaJTF onecycle earlier 
(prescaler = 0) than the 8048 (prescaler = 1). 
3. The 8748 doesn’t increment its timer in the 
second cycle of a 2-cycle instruction; the 8021 
does. 


7. High Current Outputs—Very high current drive 


is desirable for minimizing external parts re- 
quired to do high power control. P10 and P11 
have been designated high drive outputs capable 
of sinking 7 mA at Vss +2.5 volts. (For clarity, this 
is 7 mA to Vss with a 2.5 volt drop across the 
buffer.) These pins may, of course, be paralleled 
for 14 mA drive if the output logic states are 
always the same. 


8. Reset— Reset has been modified on the 8021. 


On the 8021, reset is active high; on the 8748, active 
low. Also, the 8021 does not reset the timer flag, 
while the 8048 does. 


9. Instruction Set—Thé following instructions, 


which are found in the 8048, have been deleted 
from the 8021 instruction set. 


Timer 


EN TCNTI 
DIS TCNTI 


Registers Branch 


Data Moves 
P,#data 
P #data 


A,BUS* 
BUS,A* 


BUS, #data 
BUS, #data 


“These Instructions have been replaced in the 8021 by IN A,PO 
and OUTL PO,A respectively. 
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ABSOLUTE MAXIMUM RATINGS* ‘NOTICE: Stresses above those listed under “Absolute 

, , - a Maximum Ratings” may cause permanent damage to the 
SONG: Tee RRR ANS Ae ae MIS 9 e608 elie tiadles device. This is a stress rating only and functional opera- 
Storage Temperature ............... -65°C to +150°C tion of the device at these or any other conditions above 


& sm those indicated in the operational sections of this specifi- 
Voltage on Any Pin with cation is not implied. Exposure to absolute maximum 
Respect to Ground .............+++.+5. “0.5V to +7V rating conditions for extended periods may affect device 


Power Dissipation ............ cc cece cece ence eee 1W reliability. 


D.C. CHARACTERISTICS Ta = 0°C to 70°C, Vcc = 5.5V + 1V, Vgg = OV 


Limits 
eee cae Coast ahead ae renee 
Input Low Voltage ee ee eee 
VIH Input High Voltage (All except 3.0 ¥YGc V 
XTAL 1 & 2, T1 RESET) 
VIH4 Input High Voltage (XTAL 1 & 2, VCC V 
T1 RESET) 
VIH (10%) Input high voltage (All except XTAL VCC V VCC = 5.0V + 10% 
1&2, 71, RESET) 
V1H1 (10%) Input high voltage (XTAL 1 & 2, 3.5 VCC V VCC = 5.0V + 10% 
T1, RESET) 
Output Low Voltage | | 4s | Vv | loL=1.6ma 
VOLi Output Low Voltage (P10, P11) | ff 2s | ve | toL=7ma 
VOH Output High Voltage 2.4 V IOH = 40 vA 
(All unless Open Drain) 
ILO Output Leakage Current +10 pA VSS+0.45<VINSVCC 
(Open Drain Option— Port 0) 
ic¢__| VCC Supply Current pao [7 [mal 


T1 ZERO CROSS CHARACTERISTICS Ta = 0°C to 70°C, Voc = 5.5V + 1V, Vgg = OV, CL = 80pF 


Zero-Cross Detection Input (T1) 


| Symbol _ 
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A.C. CHARACTERISTICS Ta =0°C to 70°C, Voc = 5.5V + 1V, Vgg = OV 
Test Conditions: Cy = 80 pF, tcy = 8.38 us 


Parameter 


Cycle Time 
ALE to Time P + Input Must Be Valid (input setup) 


| unit | Test Conditions 
3.58 MHx XTAL 


Normal Output Data Setup Time 
Operation Output Data Hold Time 


input Data Hold Time 
ALE Pulse Width 
Reset High 

Resistor Across XTAL 


= oo 
; w& 
nd © 


Port Control Hold Setup Before Falling Edge 
of PROG 


Port Control Setup After Falling Edge of PROG 
PROG to Time P + Input Must Be Valid 

Output Data Setup Time 

Output Data Hold Time 

Input Data Hold Time 

PROG Pulse Width 


Expander 
Operation 


- - 
on 
a a 
” 


Port 2 Timing 


NORMAL OPERATION 


PORT 
OUTPUT 


DATA 


pew fl 


EXPANDER OPERATION 


PORT 
conrraon ———- Pp +] 
PORT 
OUTPUT =e Geers 
‘cp 
pa ped oo pp e— 


top 


PORT 
CONTROL 


_s- 
tcp —>| pe | 
'pc bey 


tpr 
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intel ADVANCE INFORMATION 


8021L 
SINGLE COMPONENT 8-BIT MICROCOMPUTER 
LOW POWER 10mA 


w 8-Bit CPU, ROM, RAM, I/O in Single @ 1Kx8ROM 
28-Pin Package 64 x 8 RAM 
21 I/O Lines 
m@ Single 5V Supply (+4.5V to 8V) 
m@ Interval Timer/Event Counter 
@ 8.38 usec Cycle With 3.58 MHz XTAL; 


All instructions 1 or 2 Cycles m Clock Generated With Single Inductor 
or Crystal 
# Instructions— 8048 Subset m Zero-Cross Detection Capability 


@ High Current Drive Capability — 2 Pins m Easily Expandable I/O 


The Intel® 8021L is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using 
Intel’s N-channel silicon gate MOS process. The features of the 8021L include a subset of the 8048 optimized 
for low cost, high volume applications, plus additional I/O flexibility and power. 


The 8021L contains 1K X 8 program memory, a 64 X 8 data memory, 21 I/O lines, and an 8-bit timer/event 
counter, in addition to on-board oscillator and clock circuits. For systems that require extra l/O capability, the 
8021L can be expanded using the 8243 or discrete logic. 


This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8021L has 
bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program 
memory results from an instruction set consisting mostly of single byte instructions and no instructions over 
two bytes in length. 


To minimize the development problems and maximize flexibility, an 8021L system can be easily designed using 
the 8021L emulation board, the EM-1. The EM-1 contains a 40-pin socket which can accommodate either the 
8748 shipped with the board or an ICE-49 plug. Also, the necessary discrete logic to reproduce the 8021L’s 
additional I/O features is included. 


1024 WORDS 
PROGRAM 
MEMORY 


64 WORDS 
DATA 
MEMORY 


xrat | <—- — 
PORT 
#1 
RESET PORT 
= *- 
TEST 
ADDRESS 
LATCH 
ENABLE 
EXPANDER 
STROBE 
8-BIT 
TIMER/ a 
EVENT COUNTER VO LINES 
Figure 1. Figure 2. Figure 3. Pin 
Block Diagram Logic Symbol Configuration 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias....... 0°C to 70°C 
Storage Temperature ......eeeeee -65°C to +150°C 
Voltage on Any Pin with 

RGSPOCl 16 GrOUNG cae vecaveccannes -0.5V to +7V 
Power Dissipation ..... Ci Re OS se ee 00h KO ot 


“NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS Ta =0°C to 70°C, Vcc = 5.5V + 1V, VSS = OV 


— 


VIH4 Input High Voltage (XTAL 1 & 2, 


T1 RESET) 


Input high voltage (All except 
1&2, 1T1, RESET) 


Input high voltage (XTAL 1 & 2, 
T1, RESET) 


VIH (10%) 


V1H1(10%) 


Output Low Voltage (P10,P11) | 

VOH Output High Voltage 2.4 
(All unless Open Drain) 

ILO Output Leakage Current 

(Open Drain Option —Port 0) 

was 


VCC Supply Current 


a 
Min. [ Typ. [Max 
Twin [inputtowvotge——S=~=“*~sr | | 


VIH Input High Voltage (All except 3.0 Voc V 
XTAL 1 & 2, T1 RESET) 
i hd 
Re A od 


vor [Output towvotage Sid 


Test Conditions 


VCC = 5.0V + 10% 


reas [ov | loretemas 
| 25 lOL=7mA 


0.4 
2.5 
= 


V 

V 

VSS+0.45<VIN<VCC 
ae sone BE 


| 75 | mA | 


T1 ZERO CROSS CHARACTERISTICS Ty =0°C to 70°C, Vcc = 5.5V + 1V, Vsg = OV, C, = 80 pF 


Zero-Cross Detection Input (T1) 


| Min. | 


Cycle Time 8.38 


[Max.[ Unit] Test Conditions 
Zero-Gross Accuracy __——=«|—~=«dEt@6f mv | —~—eO Ha Sine Wave 


| Symbol | 
Frequency (T1) 


— 


50.0 


AC Coupled, C =.2uF 


3.58 MHz XTAL = 
8.38 us tCY 


AFN-01813A-02 


PRELIMINARY 
8022 


SINGLE COMPONENT 8-BIT MICROCOMPUTER 
WITH ON-CHIP A/D CONVERTER 


8-Bit CPU, ROM, RAM, I/O in Single 40-Pin = 2K x 8 ROM, 64 x 8 RAM, 28 1/0 Lines 
Package 


® 8.38 usec Cycle; All Instructions 1 or 2 


# On-Chip 8-Bit A/D Converter; Two Input Cycles 
Channels 
= 8 Comparator Inputs (Port 0) # Instructions—8048 Subset 
= Zero-Cross Detection Capability # Interval Timer/Event Counter 
= Single SV Supply (4.5V to 6.5V) = Clock Generated with Single Inductor or 
® High Current Drive Capability—2 Pins Crystal 
= Two Interrupts—External and Timer @ Easily Expanded |/O 


The Intel® 8022 is the newest member of the MCS-48™ family of single chip 8-bit microcomputers. It is designed to 
satisfy the requirements of low cost, high volume applications which involve analog signals, capacitive touchpanel 
keyboards, and/or large ROM space. The 8022 addresses these applications by integrating many new functions on- 
chip, such as A/D conversion, comparator inputs and zero-cross detection. 


The features of the 8022 include 2K bytes of program memory (ROM), 64 bytes of data memory (RAM), 28 1/O lines, 
an on-chip A/D converter with two input channels, an 8-bit port with comparator inputs for interfacing to low voltage 
capacitive touchpanels or other non-TTL interfaces, external and timer interrupts, and zero-cross detection capabili- 
ty. In addition, it contains the 8-bit interval timer/event counter, on-board oscillator and clock circuitry, single 5V 
power supply requirement, and easily expandable |/O structure common to all members of the MCS-48 family. 


The 8022 is designed to be an efficient controller as well as an arithmetic processor. It has bit handling capability 
plus facilities for both binary and BCD arithmetic. Efficient use of program memory results from using the MCS-48 
instruction set which consists mostly of single byte instructions and has extensive conditional jump and direct table 
lookup capability. Program memory usage is further reduced via the 8022’s hardware implementation of the A/D 


Vcc Vss 


PORTO 
wa <—_——— THRESHOLD 
XTAL REFERENCE p26 [1 40 1 Vcc 
2048 WORDS 64 WORDS P27 (2 391] p25 
CLOCK PROGRAM DATA 

MEMORY MEMORY AVcc [}3 P24 
RESET + 8 > PORTO Varner (4 PROG 

AN1 (15 P23 

ANo (]6 P22 

TEST 0+ - AVss [47 P21 

Bf Ponts tos P20 

Vv 

TEST 1 tH LJ 9 P17 

Poo C] 10 P16 

=> PORT 2 poi (11 P15 

_ P02 [J 12 P14 

REFERENCE P03 (13 P13 

Poa [] 14 P12 

Pos C] 15 P11 

ADDRESS P06 L] 16 P10 

ANO» ——* LATCH 


Po7 (] 17 RESET 
ALE [] 18 XTAL 2 

T1 OJ 19 XTAL 1 
Vss L] 20 SUBST 


ENABLE 


8-BIT 26 TWO CHANNEL 

TIMER/EVENT DIGITAL 8-BIT A/D 

COUNTER VO LINES CONVERTER 

AN1 


STROBE 


A/D AJD SUBSTRATE 
Vcc Vss 


Figure 1. Figure 2. Figure 3. Pin 
Block Diagram Logic Symbol Configuration 
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ine 
PROG 


P00O-P07 
Port 0 


VTH 
P10-P17 
Port 1 
P20-P27 
Port 2 


TO 


Table 1. Pin Description 


Circuit GND potential. 
+ 5V circuit power supply. 


Output strobe for Intel® 8243 
I/O expander. 


8-bit open-drain port with com- 
parator inputs. The switching 
threshold is set externally by 
VTH. Optional pull-up resistors 
may be added via ROM mask 
selection. 


Port 0 threshold reference pin. 
8-bit quasi-bidirectional port. 


8-bit quasi-bidirectional port. 


P20-23 also serve as a 4-bit I/O 
expander for Intel® 8243. 


Interrupt input and input pin 
testable using the conditional 
transfer instructions JTO and 
JNTO. Initiates an interrupt fol- 
lowing a low level input if inter- 
rupt is enabled. Interrupt is 
disabled after a reset. 


Input pin testable using the JT1 
and JNT1 conditional transfer 
instructions. Can be designated 
the timer/event counter input 
using the STRT CNT instruction. 
Also serves as the zero-cross 
detection input to allow zero- 
crossover sensing of slowly mov- 
ing AC inputs. Optional pull-up 
resistor may be added via ROM 
mask selection. 


10-200.uF 


= 100pF 
SILVER MICA 


a/oweurs | 


Figure 3.The Stand Alone 8022 


8022 
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Function 


Input used to initialize the pro- 
cessor by clearing status flip- 
flops and setting the program 
counter to zero. 


A/D converter GND Potential. 
Also establishes the lower limit of 
the conversion range. 


A/D + 5V power supply. 


Substrate pin used with a bypass 
Capacitor to stabilize the sub- 
strate voltage and improve A/D 
accuracy. 


A/D converter reference voltage. 
Establishes the upper limit of the 
conversion range. 


Analog inputs to A/D converter. 
Software selectable on-chip via 
SEL ANO and SEL AN‘1 instruc- 
tions. 


Address Latch Enable. Signal 
occurring once every 30 input 
clocks (once every cycle), used 
as an output clock. 


One side of crystal or inductor 
input for internal oscillator. Also 
input for external frequency 
source. (Not TTL compatible.) 


Other side of timing control ele- 
ment. This pin is not connected 
when an external frequency 
source is used. 


INPUT 
PORT 1 AND 
OUTPUT 


INPUT 
PORT 2 AND 
OUTPUT 


INPUT 
PORT O AND 


OUTPUT 
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FUNCTIONAL DESCRIPTION 


Program Memory 


The 8022 program memory consists of 2048 words8 
bits wide which are addressed by the program coun- 
ter. The memory is ROM which is mask program- 
mable at the factory. No external ROM expansion 
capability is provided. There are three locations in 
program memory of special importance. 


Location 0: Activating the RESET line of the pro- 
cessor causes the first instruction to 
be fetched from location 0. 


Activating the interrupt input line of 
the processor (if interrupt is enabled) 
Causes a jump to subroutine. 


Location 3: 


A timer/event counter interrupt 
resulting from a timer/counter over- 
flow causes a jump to subroutine (if 
timer/counter interrupt is enabled). 


Therefore, the first instruction to be executed after 
initialization is stored in location 0, the first word of 
an external interrupt service routine is stored in 
location 3, and the first word of a timer/event coun- 
ter interrupt service routine is stored in location 7. 


Location 7: 


LOCATION 7— TIMER/COUNTER INTERRUPT 
VECTORS PROGRAM HERE 


LOCATION 3— EXTERNAL INTERRUPT 
VECTORS PROGRAM HERE 


Program Memory Map 


Program memory can be used to store constants as 
well as program instructions. The MOVP instruction 
allows easy table lookup for constants and display 
formatting. 


Data Memory 


On-chip data memory is organized as 64.words 
eight bits wide. All locations are indirectly addres- 
sable and eight designated locations are directly 
addressable. Also included in the data memory is 
the program counter stack, addressed by a 3-bit 
stack pointer. 


The first eight locations (0-7) of the array are desig- 
nated as working registers and are directly addressa- 
ble by any of the 11 direct register instructions. 
These locations are readily accessible for avariety 
of operations with a minimum number of instruction 
bytes required for their manipulation. Thus, they are 
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usually used to store frequently accessed interme- 
diate results. The DJNZ instruction makes very effi- 
cient use of the working registers as program loop 
counters by allowing the programmer to decrement 
and test the register in a single instruction. 


Registers 0 and 1 have yet another function in that 
they can be used to indirectly address all locations 
in the data memory using the indirect register 
instructions. These two RAM pointer registers are 
especially useful for repetitive type operations on 
adjacent memory locations. The indirect register 
instruction specifies which pointer register to use 
and the content of the pointer register is used to 
address a location in RAM. The contents of the 
addressed location are used during the execution of 
the instruction and may be modified. The pointer 
registers may also point to registers 0-7, if desired. 


Locations 8-23 serve a dual role in that they contain 
the 8-level program counter stack, two RAM loca- 
tions per level. The program counter stack enables 
the processor to keep track of the return addresses 
generated by interrupts or CALL instructions by 
storing the contents of the program counter prior to 
servicing the subroutine. A 3-bit stack pointer 
determines which of the program counter stack’s 
eight register pairs will be loaded with the next 
return address generated. The stack pointer, when 
initialized to000 by RESET, points to RAM locations 
8 and 9. The first subroutine jump or interrupt 
results in the program counter contents being trans- 
ferred to locations 8 and 9. The stack pointer is then 
incremented by one and points to locations 10 and 
11 in anticipation of another CALL. The end of a 
subroutine, which is signaled by a return instruction 
(RET or RETI), causes the stack pointer to be 
decremented and the contents of the resulting reg- 
ister pair to be transferred to the program counter. 


Since the program counter’s addresses are 11 bits 
long, two bytes or registers must be used to store a 
single address. Thus, the 16-byte program counter 
stack permits up to a total of 8 levels of subroutine 
nesting without overflowing the stack. If overflow 
does occur, the deepest address stored (locations 8 
and 9) will be overwritten and lost since the stack 
pointer overflows from 111 to 000. It also underflows 
from 000 to 111. If a particular application does not 
THROUGH 


fori 
OR 
USER RAM 
th RO OR R1 
WORKIN | 


REGISTERS DIRECTLY 
ADDRESSABLE 


ADDRESSED 
INDIRECTLY 


Data Memory Map 
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require 8 levels of nesting, the unused portion of the 
program counter stack may be used as any other 
indirectly addressable RAM location. For example, 
if only 3 levels of subroutine nesting are used, then 
only locations 8-13 need be reserved for the pro- 
gram counter stack, and locations 14-23 can be 
used for data storage. 


Input/Output 


The 8022 has 26 lines which can be used for digital 
input or output functions. These lines are organized 
as 3 ports of 8 lines, each of which serve as either 
inputs, outputs, or bidirectional ports, and 2 test 
inputs which can alter program sequences when 
tested by conditional jump instructions. 


INTERNAL 
BUS 


8022 
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TTL high level, yet can be pulled low by a standard 
TTL gate, thus allowing the same pin to be used 
both as an input and output. When writing a “O” or 
low value to these ports, a low impedance device 
(~3000)overcomes the high pullup and provides 
TTL current sinking capability. When writing a“1”,a 
large currentis momentarily supplied through a rel- 
atively low impedance device (~5k0)) to allow a fast 
data transfer. After a short time (less than one 
instruction cycle) the low impedance device is shut 
off and the small pullup maintains the “1” level indef- 
initely. In this situation, an input device capable of 
overriding the small amount of sustaining current 
supplied by the pullup device can be read. (Alterna- 
tively, the data written can be read.) So, by writing a 


Quasi-Bidirectional Port Structure 


Ports 1 and 2 have identical operating characteris- 
tics and are both quasi-bidirectional. That is, each 
line may serve as an input, an output, or both. Data 
written to these ports is statically latched and 
remains unchanged until rewritten. As inputs, these 
lines are non-latching; i.e., inputs must be present 
until read by an input instruction. Inputs are fully 
TTL compatible and all outputs will drive at least 
one standard TTL load. Twolines of port 1 (P10 and 
P11) are designated as high current drive lines and 
have the ability to sink 7 mA. In addition, these pins 
may be paralleled for 14 mA output if the output 
logic states are always the same. The high current 
output lines eliminate the need for discrete transis- 
tors in many applications. 


The lines of ports 1 and 2 are quasi-bidirectional 
because of their output structure which allows them 
to be used as inputs, outputs, or both, even though 
as outputs they are statically latched. 


Each line is continuously pulled up to+5V througha 
relatively high impedance device (~50 kf). This pull- 
up is sufficient to provide the source current for a 
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“1” to any particular pin that pin can service either as 
a true high-level latched output pin, or as just a 
pullup resistor on an input. This allows maximum 
user flexibility in selecting his input or latched out- 
put lines, with a minimum of external components. 


Port 0 Comparator Inputs 


Port 0 has been modified from the standard quasi- 
bidirectional structure to allow an optional open 
drain configuration with comparator inputs. The 
low impedance pullup device has been eliminated 
and the high impedance pullup is optional. Thus, 
the user can choose via a mask programmable 
selection each line of port 0 to be either quasi- 
bidirectional with a high impedance or true open- 
drain. The open drain configuration allows the line 
to sink current through the low impedance pull- 
down device or to float in the high output state. 
More importantly, the open drain configuration 
makes port 0 very easy to drive when it is used as 
inputs. The input circuitry for each line of port 0 
includes a voltage comparator which amplifies the 
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1/0 PIN 
PORT 0 


COMPARATOR 


Port 0 1/0 Structure 


voltage difference between the input port line and 
the port 0 threshold reference pin (VTH). The vol- 
tage gain of the comparator is sufficient to sense a 
100 mV input differential within the range Vss to 
Voco/2. 


If VTH is allowed to float, it will bias itself to the 
digital switch point of the other ports, and port 0 
behaves as a set of normal digital inputs. However, 
by biasing VTH, the switch point can be both tightly 
controlled and adjusted. Common uses for this 
would include high noise margin inputs (VCC/2), 
unusual logic level inputs as from a diode isolated 
keyboard, analog channel expansion, and direct 
capacitive touchpanel interface. The comparator 
action is automatic and the port is read just as any 
other port. 


1/O Expander interface 


In addition to the 26 digital I/O lines contained on- 
board the 8022, a user can obtain additional |!/O 
lines by utilizing the Intel® 8243 I/O expander chip 
or standard TTL. The 8243 interfaces to 4 port lines 
of the 8022 (lower half of port 2) and is strobed by 
the PROG line of the 8022. 


The 8243 contains four 4-bit 1/O ports which serve 
as extensions of the on-chip I/O and are addressed 
as ports 4-7. The following operations may be per- 
formed on these ports: 
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1. Transfer Accumulator to Port 
2. Transfer Port to Accumulator 
3. And Accumulator to Port 

4. Or Accumulator to Port 


A 4-bit transfer from a port to the lower half of the 
accumulator sets the most significant four bits to 
zero. Each transfer consists of two 4-bit nibbles. The 
first contains the “opcodes” and port address, and 
the second contains the actual 4 bits of data. A 
high-to-low transition of the PROG line indicates 
that address is present while a low-to-high transi- 
tion indicates the presence of data. 


TEST AND INTERRUPT INPUTS 


In addition to the 24 genera: purpose I/O lines which 
comprise ports 0, 1, and 2, the 8022 has two inputs 
which are testable via conditional jump instructions, 
TO and T1. These pins allow inputs to cause pro- 
gram branches without the necessity to load an 
input port into the accumulator. TO and T1 have 
other functions as well. 


The Test 0 pin serves as an external interrupt input 
as well as a testable input. An interrupt sequence is 
initiated by applying a low “0” level input to the TO 
pin when external interrupt is enabled. Interrupt is 
level triggered and active low to allow “WIRE ORING” 
of several interrupt sources at the input pin. When 
an interrupt is detected, it causes a “jump to subrou- 
tine” at location 3 in program memory as soon as all 
other cycles of the current instruction are complete. 
At this time, the program counter contents are saved 
in the program counter stack, but the remaining 
status of the processor is not. Unlike the 8048, the 
8022 does not containa program status word. Thus, 
when appropriate, the carry and auxiliary carry flags 
are saved in software, as the accumulator is. The 
routine shown below saves the accumulator and the 
carry flags in only four bytes. 


Instructions Bytes Comments 
MOV R6,A 1 ;save accumulator 
CLRA 1 ‘clear accumulator 
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Instructions Bytes Comments 


DAA 1 ;convert carry flags into sixes 
MOV R7,A 1 ;save status of carry flags 
The end of an interrupt service subroutine is marked 
by the execution of a Return from Interrupt instruc- 
tion (RETI). Prior to returning from the interrupt 
subroutine however, the status of the accumulator 
and the carry flags are restored in software. The 
following routine restores the status of the accumu- 
lator and carry flags, which was previously saved, in 
five bytes. 


instructions Bytes Comments 

MOV A,R7 1 restore carry flags status to 

Add A,#0AAH 2 ;accumulator and set/clear 
carry flags 

MOV A,R6 1 ;restore accumulator 

RETI 1 ;return 


The interrupt system is single level in that once an 
interrupt is detected, all further interrupt requests 
are ignored until execution of a RETI re-enables the 
interrupt input logic. This sequence holds true also 
for an internal interrupt generated by timer over- 
flow. If an external interrupt and an internal timer/ 
counter generated interrupt are detected at the 
same time, the external source will be recognized. If 
needed, a second internal interrupt can be created 
by enabling the timer/counter interrupt, loading 
FFH in the counter (one less than terminal count) 
and enabling the event counter mode. A low-to-high 
transition on the T1 input will then cause an interrupt 
vector to location 7. 


The Test 1 pin, in addition to being a testable input, 
serves two other important functions. It can be used 
as an input pin to the external event counter, as 
previously mentioned, and it can be used to detect 
the zero crossing point of slow moving AC signals. 
Execution of the STRT CNT instruction puts the T1 
pin in the counter input mode by connecting T1 to 
the counter and enabling the counter. Subsequent 
low-to-high transitions on T1 will cause the counter 
to increment. Note that this operation differs from 
the rest of the MCS-48 devices, which increment the 
counter on high-to-low transitions. This change 
was made on the 8022 to take advantage of the 
accuracy of the rising edge detection on the zero 


AC SOURCE 


8022 
INTERPRETATION 


T11 
TO T1/EVENT COUNTER 


AC SOURCE 4 
1 uF 


Zero-Cross Detection 


cross circuitry. The maximum rate at which the 
counter may be incremented is once per three 
instruction cycles (every 30 us when using a 3 MHz 
crystal) —there is no minimum frequency. 


In addition to serving as a testable input and as the 
counter input, the T1 pin has special circuitry to 
detect when an AC signal crosses its average DC 
level. When driven directly, this pin responds as a 
normal digital input. To utilize the zero cross detec- 
tion mode, an AC signal of approximately 1-3 VAC 
p-p magnitude and a maximum frequency of 1 kHz 
is coupled through an external capacitor (1 uF) to 
the T1 pin. 


The internal digital state is sensed as a zero until the 
rising edge crosses the DC average level, when it 
becomes a one. This is accomplished by the self- 
biasing high gain amplifier which is included in the 
T1 input. This circuit biases the T1 input exactly at 
its switching point, such that a small change will 
cause a digital transition to occur. This digital tran- 
sition takes place within 135mV of the zero point. 
The digital value of T1 remains a one until the falling 
edge of the AC input drops approximately 100 mV 
below the switching point of the rising edge (100 mV 
below the zero point, if the digital transition occurred 
exactly at the zero point). The 100 mV offset is 
created by hysterisis and eliminates chattering of 
internal signal caused by external noise. 


The zero cross detection capability allows the user 
to make the 60 Hz power signal the basis for this 
system timing. All timing routines, including time- 
of-day, can be implemented using the zero cross 
detection capability of T1 and its conditional jump 
instructions. In addition, the zero cross detection 
feature can be used in conjuction with the timer 
interrupt to interrupt processing at the zero voltage 
point. This enables the user to control voltage phase 
sensitive devices such as triacs and SCRs, and to 
use the 8022 in applications such as shaft speed and 
angle measurement. 


Analog To Digital Converter 


The 8022 contains on-chip a complete hardware 
implementation of an 8-bit analog to digital (A/D) 
converter with two multiplexed analog inputs. The 
A/D converter utilizes a successive approximation 
technique to provide an updated conversion once 
every four instruction cycles (i.e., once every 40 us) 
with a minimum of required software. 


The A/D converter consists of four main parts, the 
input circuitry, a series string of resistors, a voltage 
comparator, and the successive approximation logic. 
The two analog inputs are multiplexed on-chip and 
selected via software by the SEL ANO and SEL AN1 
instructions. Besides selecting one of the analog 
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inputs, these instructions restart the conversion 
sequence which operates continuously. Restarting 
a conversion sequence deletes the conversion in 
progress but does not affect the result of the pre- 
vious conversion which is stored in the conversion 
result register. The continuous operation of the A/D 
converter saves program space and time by allow- 
ing the user to obtain multiple readings from a given 
input with only one select instruction. To obtain a 
valid conversion reading, the user must provide the 
analog input signal no later than the beginning of 
the select instruction cycle. The analog input is then 
sampled by the A/D converter and maintained 
internally. This voltage becomes one input to the 
voltage comparator which amplifies the difference 
between the analog input and the voltage tap on the 
series resistor string. 


The series resistor string is connected between the 
A/D reference pin (VAREF) and ground (AVss\). Itis 
comprised of 256 identical resistors which divide 
the voltage between these two pins into 256 identi- 
cal voltage steps. This configuration gives the con- 
verter its inherent monotonicity. The range of VAREF 
in which full 8-bit resolution can be provided is 
between VCC/2 and VCC. 


Thus, the user is given a minimum voltage range 
from ground to VCC/2 and a maximum range from 
ground to VCC over which 8-bit resolution is insured. 


The voltage tap on the series resistor string is 
selected by the resistor ladder decoder. This de- 
coder is driven by the 8-bit successive approxima- 
tion register (SAR). Each bit of the SAR is set in 
succession MSB to LSB and a voltage comparison 
between the selected resistor ladder voltage and the 
analog input voltage is performed after the setting of 
each bit. The result of each comparison determines 
whether the particular bit will remain set or be reset. 
All comparisons are performed automatically by the 
on-chip A/D hardware. At the end of 8 comparisons 
the SAR contains 4 valid digital result which is then 
latched into the conversion result register (CRR). 
The RAD instruction (read A/D) loads the conver- 
sion result from the CRR to the accumulator of the 
8022. 


6- 3 MHz 


CRYSTAL 


As mentioned previously, the software and time 
required to perform an A/D conversion is optimized 
by the 8022’s on-chip A/D converter configuration. 
Typical software for reading two sequential A/D 
conversions and storing them in data memory is 
shown below: 


First SEL ANO ‘Start conversion of ANO 
input 


Conversion MOV RO0,#24 ;Set up memory pointer 


50 us RAD ;First conversion value to 
accumulator 

4 bytes 

Second MOV @ RO,A _ ;Store first conversion value 


Conversion INC RO ;Increment memory 


location 

;Second conversion value 
to accumulator 

Note that the second conversion occurs without a 
second select instruction being used. Rather, the 
continuous operation of the A/D converter provides 
an updated digital value 4 instruction cycles after 
the first. 


40 us RAD 


ANALOG MULTIPLEXER 


RESISTIVE 
LADDER 


ae a 


R/2 


D 


DECODER 


."— 


XTAL2 


NC 
EXTERNAL 


(L VALUE TO BE DETERMINED) 
INDUCTOR 
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To insure maximum accuracy from the A/D conver- 
ter, separate power supply pins (AVCC and AVss) 
and a substrate pin (SUBST) have been provided. 
Supplying the power supply pins with a well filtered 
and regulated voltage supply minimizes the effect of 
power supply variance and system noise. The sub- 
strate pin should be bypassed to ground through 
both a 1 wF capacitor and a silver mica 100pF 
capacitor. 


Oscillator and Clock 

The 8022 contains its own on-board oscillator and 
clock circuit, requiring only an external timing 
control element. This control element can be a 
crystal, inductor, or clock in. The capacitor normally 
required in inductor timing control operation is 
integrated onto the 8022. All internal time slots are 
derived from the external element, and all outputs 
are a function of the oscillator frequency. Pins X1 
and X2 are used to input the particular control 
element. An instruction cycle consists of 10 states, 
and each state is a time slot of 3 oscillator periods. 
Therefore, to obtain a 10 us instruction cycle, a3 
MHz crystal should be used. 


Timer/Counter 


An interval timer/counter is available to enable the 
user to keep track of time elapsed or number of 
events occurred, during normal program execution 
and flow. 


By a MOV T,A instruction, the contents of the 
accumulator are loaded to the timer. At the STRT T 
command an internal prescaler is zeroed and 
thereafter increments once each 30 input clocks 
(once each single cycle instruction, twice each 
double cycle instruction).The prescaler is divided 
by 32. At the (11111) to (00000) transition the timer 
is incremented. The timer is 8 bits and an overflow 
(FFH) to (OOH) timer flag is set along with the timer 
interrupt, if enabled. A conditional branch instruction 
(JTF) is available for testing this flag, the flag being 
reset each test. This instruction must also be used to 
initialize the timer overflow flag after a RESET 
instruction, as RESET does not perform this function. 
Total count capacity for the timer is 28 x 25 = 8192 or 
81.9 ms ata 10 uscycle time. Contents of the timer 
are moved to the accumulator by the MOV A,T 
instruction without disturbing the counting process. 


The timer may also be used as an event counter. 
After a STRT CNT command, the 8022 will respond 
to a low-to-high transition on the Test 1 pin by 
incrementing the timer. Transitions can occur no 
faster than once each three instruction cycles. 


The timer and event functions are exclusive. Count- 
ing or timing may be started or stopped (STOP 
TCNT) at will. 


CPU 


The 8022 CPU has arithmetic and logical capability. 
A wide variety of arithmetic and logic instructions 
may be exercised, which affect the contents of the 
accumulator, and/or direct or indirect scratchpad 
locations. Provisions have been made for simplified 
BCD arithmetic capability through the use of the 
DA-A, SWAP A. and XCHD instructions. In addition, 
MOVP A,@A allows table lookup for display 
formatting and constants. Jump conditions such as 
zero, no zero refer to the accumulator contents at 
the time of the condition. 


Reset 


The reset input provides a means for initialization 
for the processor. The 8022 has an internal pull 
down resistor which in combination with the ex- 
ternat 1 f capacitor, provides an internal reset pulse 
of sufficient length to guarantee all circuitry is reset. 
If the reset pulse is generated externally, the reset 
pin must be held above 3.8 volts for at least 11 
milliseconds after the power supply is within toler- 
ance during the initial power on. Only 1 instruction 
cycle is required if power is already on and the 
oscillator has stabilized. 


Power On Reset 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under “Absolute 
Ambient Temperature Under Bias ....... 0°C to 70°C Maximum Ratings” may cause permanent damage to the 
Storage Temperature ............... -65°C to +150°C device. This is a stress rating only and functional opera- 
Voltage on Any Pin with tion of the device at these or any other conditions above 
Respect 16 Ground: oi cccccacstsensusnns -0.5V to +7V those indicated in the operational sections of this specifi- 
POWOr-DISSIDEON viisciawawaded sous sscnednens 1 Watt cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 

reliability. 


D.C. CHARACTERISTICS Ta = 0°C to 70°C, Voc = 5.5V + 1V, Vsg = OV 


Parameter Limits Test Conditions 
Ral | Min. | Typ. | Max. | 


Mi____| InputLowVoltage | 05 | | 08 | OV | TH Floating 
Pa ae 


VIH High Voltage VCC V VCC = 5.0V + 10% 
(All except XTAL 1, RESET) VTH Floating 
ViH1 Input High Voltage Vcc Vv | Voc=5.5V+1V 
(All except XTAL 1, RESET) VTH Floating 
VIH2 Input High Voltage (Port 0) VTH+0.1 po CG hate PS 
VIH3 Input High Voltage (RESET, XTAL 1) VCC = 5.0V + 10% 


VTH Port 0 Threshold Reference Voltage ees 
VOL Output Low Voltage IOL = 1.6 mA 
VOL1 Output Low Voltage (P10, P11) lIOL=7mA 


| 3.0 

| 0 

se Seocpens - 

ba aaa 
VOH Output High Voltage (all unless | 

Open Drain Option— Port 0) 
at pA 
Ce ctl | ma | 


ILI Input Current (T1) wA VCC2VIN2 VSS+.45V 
LA = 


ILO Output Leakage Current 
(Open Drain Option— Port 0) 


VCC Supply Current 


0 VCC2VIN2 VSS+0.45V 


3] itln <|5|S 
3 6 |O [O 


mA 


ICC 


A.C. CHARACTERISTICS Ta =0°C to 70°C, Vcc = 5.5V + 1V, Vsg = OV 


Parameter | Min. | Max. | Unit | TestConditions 

ty Cycle Time | 838 | 500 | wS_ | 3MHZXTAL=10ustcy 

|Vzx____| Zero-Cross Detection Input (T1)__—|_— 1. | 3_——|_ VACpp | AC Coupled 

|Azx | Zero-Cross Accuracy | |S +185 (| mV | BOHZSineWave 
Hz 


FZ2X Zero-Cross Detection Input 1 k 
Frequency (T1) 


5-18 AFN-00187A-03 


intel 8022 PRELIMINARY 


A.C. CHARACTERISTICS Ty, =0°C to 70°C, Vcc = 5.5V + 1V, Vsg = OV 
Test Conditions: CL=80 pF tcy=8.38 us 


Symbol Parameter 
Port Control Setup Before Falling Edge of PROG| 0.5 


Expander 
Operation 


Output Data Hold Time 
Input Data Hold Time 
PROG Pulse Width 


Normal 
Operation 


tcy=8.38 us for min 


Ww — —_ 
on 3 ro) 


us 
us 
us 
us 
us 
us 
us 
us 
us 
us 
us 
23.0} us 


ed = Sad aa 
o op) 7 w|o 


tPL | ee | 
Lp 


EXPANDER OPERATION 


POR 
( cONTROL Ge ace, 
tcp -— top — = 
'pc ‘pp 


ONTROL 


wT 
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A/D CONVERTER CHARACTERISTICS Ta =0°C to 70°C, Voc = 5.5V + 1V, Vgg = OV, AVoc = 5.5V + 1V, 
AVss = OV, AVCC/2 S VAREF S AVCC 


Absolute Accuracy 


Sample Setup Before Falling Edge of ALE (tss) 
Sample Hold After Falling Edge of ALE (ts}) 


Input Capacitance (ANO, AN1) 


Conversion Time 


[unit_[ Comments 


ANALOG 
INPUT 


NOTE: 


1. The analog input must be maintained at a constant voltage during the sample time (tgs + tg}). 
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Tabie 2. Instruction Set Summary 


Hexadecimal Hexadecimal 


Mnemonic Description 


ADD A,R, Add register to A 

ADD A,@R Add data memory to A 

ADD A,#data Add immediate to A 

ADDC A,R, Add regisier with carry 

ADDC A,@R_ Add data memory with 
carry 

ADDC A,#data Add immediate with 
carry 

ANL A,R, And register to A 

ANL A,@R And data memory to A 

ANL A,#data And immediate to A 

ORL A,R, Or register to A 

ORL A,@R Or data memory to A 

ORL A,#data Or immediate to A 

XRL A,R, Exclusive Or register 

toA 
Exclusive Or data 
memory to A 

XRL A,#data Exclusive Or immediate 
toA 

INC A increment A 

DEC A Decrement A 

CLR A Clear A 

CPLA Complement A 

DAA Decimal adjust A 

SWAP A Swap nibbles of A 

RLA Rotate A left 

RLC A Rotate A left through 
carry 

RRA Rotate A right 

RRC A Rotate A right through 
carry 


XRL A.@R 


Accumulator 


IN A, Po Input port to A 


Output A to port 
Input expander port 
to A 
Output A to expander 
port 
And A to expander port 
Or A to expander port 


OUTL P,,A 
MOVD A,P, 


MOVD Pp.A 


Input/Output 


ANLD Pp,A 
ORLD Pp.A 


Increment register 
Increment data memory 


Registers 


JMP addr Jump unconditional 

JMPP @A Jump indirect 

DJNZ R,addr Decrement register and 
jump on R not zero 

JC addr Jump on carry=1 

JNC addr Jump on carry=0O 

JZ addr Jump on A zero 

JNZ addr Jump on A not zero 


Opcode 


08,09,0A 
90,39,3A 
OC-OF 


3C-3F 


9C-9F 
8C-8F 


04,24,44,64, 
84,A4,C4,E4 
B3 

ES-EF 


F6 
E6 
C6 
96 


Subroutine 


Data Moves 


Timer /Counter 


A/D Converter 


interrupts 


Mnemonic 


JTO addr 
JNTO addr 
JT1 addr 
JNT1 addr 
JTF addr 


CALL addr 


RET 


MOV A,R, 
MOV A.@R 


MOV A, #data 


MOV R,,A 
MOV @R,A 


MOV R;,, #data 


MOV@R,#fdata 


XCH A,R, 


XCH A.@R 


XCHD a,@R 


MOVP A.@A 


MOV A,T 
MOV T,A 
STRT T 
STRT CNT 
STOP TCNT 


RAD 


SEL ANO 


SEL AN1 


EN | 


DIS | 


EN TCNTI 


DIS TCNTI 


RET | 


Description 


Jump on TO=1 
Jump on TO=0O 
Jump on T1=1 
Jump on T1=0 
Jump on timer flag 


Jump to subroutine 


Return 


Clear carry 
Complement carry 


Move register toA 

Move data memory to A 

Move immediate to A 

Move A to register 

Move A to data memory 

Move immediate to 
register 

Move immediate to 
data memory 

Exchange A and 
register 

Exchange A and data 
memory 

Exchange nibble of A 
and register 

Move to A from current 
page 


Read timer/counter 
Load timer/ counter 
Start timer 

Start counter 

Stop timer/counter 


Move conversion resuli 
register toA 

Select analog input 
zero 

Select analog input one 


Enable external 
interrupt 

Disable external 
interrupt 

Enable timer/ counter 
interrupt 

Disable timer /counter 
interrupt 

Return from interrupt 


No operation 


Opcode 


14,34,54,74 
94,B4,D4,F4 
83 


SYMBOLS AND ABBREVIATIONS USED 


P Mnemonic for “in-page” Operation 
A Accumulator Pp Port Designator (P=O, t, 2 or 4-7) 
addr 11-Bit Program Memory Address R; Register Designator (r=0-7) 
ANO, AN1_ Analog Input 0, Analog Input 1 T Timer 
CNT Event Counter TO, T1 Test O, Test 1 
data 8-Bit Number or Expression # Immediate Data Prefix 
| Interrupt @ indirect Address Prefix 
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8022H 
HIGH PERFORMANCE 
SINGLE COMPONENT 8-BIT MICROCOMPUTER 
WITH ON-CHIP A/D CONVERTER 


g 8-Bit CPU, ROM, RAM, I/O in Single 40-Pin’ & 2K x 8 ROM, 64 x 8 RAM, 28 1/O Lines 


Package m 5 usec Cycle; All Instructions 1 or 2 
@ On-Chip 8-Bit A/D Converter; Two Input Cycles (6 MHz Clock) 
Channels 


@ Instructions—8048 Subset 
8 Comparator Inputs (Port 0) 


‘8 

™ Zero-Cross Detection Capability 
w Single 5V Supply (4.5V to 6.5V) 
i 


Two Interrupts—External and Timer a 


@ Interval Time/Event Counter 


@ Clock Generated with Single Inductor or 
Crystal 


Easily Expanded I/O 


The Intel® 8022H is designed to satisfy the requirements of low cost, high volume applications which involve 
analog signals, capacitive touchpanel keyboards, and/or large ROM space. The 8022H addresses these 
applications by integrating many new functions on-chip, such as A/D conversion, comparator inputs and 
zero-cross detection. 


The features of the 8022H include 2K bytes of program memory (ROM), 64 bytes of data memory (RAM), 28 
1/O lines, an on-chip A/D converter with two input channels, an 8-bit port with comparator inputs for 
interfacing to low voltage capacitive touchpanels or other non-TTL interfaces, external timer interrupts, and 
zero-cross detection capability. In addition, it contains the 8-bit interval timer/event counter, on-board 
oscillator and clock circuitry, single 5V power supply requirement, and easily expandable I/O structure 
common to all members of the MCS-48 family. 


The 8022H is designed to be an efficient controller as well as an arithmetic processor. It has bit handling 
capability plus facilities for both binary and BCD arithmetic. Efficient use of program memory results from 
using the MCS-48 instruction set which consists mostly of single byte instructions and has extensive 
conditional jump and direct table lookup capability. Program memory usage is further reduced via the 8022H’s 
hardware implementation of the A/D converter which simplifies interfacing to analog signals. 


Vcc Vss 


PORTO 
+———— THRESHOLD 


daa REFERENCE p26 [1 40D Vec 
——- P27 (}2 39 |] P25 
CLOCK PROGRAM 

MEMORY r AVcc [] 3 38 |) P24 

RESET + 8) PORTO Varner (] 4 37 1) PROG 
ANI (15 36 [) P23 
Ano (16 35) P22 
aided : - AVss (]7 341] P21 

8 SPORT1 
— 7 To (8 33 [) P20 
8-BIT TES¥ 12 Vr C9 32) P17 
CPU poo (J 10 31[0 P16 
Po2 (J 12 29, P14 
A/D 

REFERENCE PO3 |] 13 28 [_] P13 
Poa (] 14 27) P12 
pos (] 15 261) P11 
ADDRESS P06 [j 16 25[] P10 

ane _ LATCH P07 (] 17 24 RESET 

ENABLE |] RESE 

8-BIT 26 TWO CHANNEL ALE [} 18 23[) xTAL2 


TIMER/EVENT 
COUNTER 


DIGITAL 
VO LINES 


8-BIT A/D 
CONVERTER 


221) XTAL1 


AN1 21{.] SUBST 


————» EXPANDER 
STROBE 


AID) A/D SUBSTRATE 


. Vcc Vss 
Figure 1. Figure 2. Figure 3. Pin 
Block Diagram Logic Symbol Configuration 
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8031/8051/8751 
SINGLE COMPONENT 8-BIT MICROCOMPUTER 


@ 8031 - Control Oriented CPU With RAM and I/O 
@ 8051 - An 8031 With Factory Mask-Programmable ROM 
@ 8751 - An 8031 With User Programmable/Erasable EPROM 


@ 4K x8 ROM/EPROM @ Boolean Processor 
m@ 128x8RAM m MCS-48® Architecture Enhanced with: 
@ Four 8-Bit Ports, 32 1/O Lines e Non-Paged Jumps 
@ Two 16-Bit Timer/Event Counters e Direct Addressing 
@ High-Performance Full-Duplex e Four 8-Register Banks 
Serial Channel e Stack Depth Up to 128-Bytes 
@ External Memory Expandable to 128K e Multiply, Divide, Subtract, Compare 
= Compatible with MCS-89®/MCS-85® = Most Instructions Execute in tps 
Peripherals @ 4s Multiply and Divide 


The Intel® 8031/8051/8751 is a stand-alone, high-performance single-chip computer fabricated with Intel’s 
highly-reliable +5 Volt, depletion-load, N-Channel, silicon-gate HMOS technology and packaged in a 40-pin 
DIP. It provides the hardware features, architectural enhancements and new instructions that are necessary to 
make it a powerful and cost effective controller for applications requiring up to 64K bytes of program memory 
and/or up to 64K bytes of data storage. 

The 8051/8751 contains a non-volatile 4K x 8 read only program memory; a volatile 128 x 8 read/write data 
memory; 32 I/O lines; two 16-bit timer/counters; a five-source, two-priority-level, nested interrupt structure; a 
serial I/O port for either multi-processor communications, I/O expansion, or full duplex UART; and on-chip 
oscillator and clock circuits. The 8031 is identical, except that it lacks the program memory. For systems that 
require extra capability, the 8051 can be expanded using standard TTL compatible memories and the byte 
oriented MCS-80 and MCS-85 peripherals. 

The 8051 microcomputer, like its 8048 predecessor, is efficient both as a controller and as an arithmetic 
processor. The 8051 has extensive facilities for binary and BCD arithmetic and excels in bit-handling capa- 
bilities. Efficient use of program memory results from an instruction set consisting of 44% of one-byte, 41% 
two-byte, and 15% three-byte instructions. With a 12 MHz crystal, 58% of the instructions execute in1iys, 40% 
in 2us and multiply and divide require only 4us. Among the many instructions added to the standard 8048 
instruction set are multiply, divide, subtract and compare. 


RST/VPD 
FREQUENCY 
REFERENCE COUNTERS vss vcc 


| OSCILLATOR aes BYTES TWO 16-BIT 

‘ PROGRAM 128 BYTES TIMER/EVENT 

TIMING MEMORY DATA MEMORY COUNTERS 

(8051 & 8751) 7 

| ' PROGRAMMABLE 

SERIAL PORT 
64K-BYTE BUS e FULL DUPLEX 
ee PROGRAMMABLE 1/O UART 

| CONTROL ¢ SYNCHRONOUS 

l INTERRUPTS eb 

Ls: 


rvevevy 


= 
ADDRESS AND DATA BUS 


ALE/PROG RXD 
TXD 
INTO 
INTI 

TO 


PORT 1 


| 
| 
| 
| PSEN 
| 
| 
| 
| 
| 
4 


Z RXO ee 
5 TXD <— —— ly 1 
= iINTO—@ |. «| —? le WR 
& ) INTi—o /- E\— |» = 
Sea es) ee z\ ro-m\§ $/—e= (i iad 
3 i = eel =] 
INTERRUPTS CONTROL PARALLEL PORTS, SERIAL SERIAL 8 WR =< |< 
ADDRESS/DATA BUS, IN OUT - RD <4 _—_ 
AND 1/O PINS 
Figure 1. Figure 2. Figure 3. Pin 
Block Diagram Logic Symbol Configuration 
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INTRODUCTION 


This data sheet provides an introduction to the 8051 
family. A detailed description of the hardware re- 
quired to expand the 8051 with more program mem- 
ory, data memory, |/O, specialized peripherals and 
into multiprocessor configurations is described in 
the 8051 Family User’s Manual. 


THE 8051 Family 

The 8051 is a stand-alone high-performance single- 
chip computer intended for use in sophisticated 
real-time applications such as_ instrumentation, 
industrial control and intelligent computer periph- 
erals. It provides the hardware features, architectural 
enhancements and new instructions that make it a 
powerful and cost effective controller for applications 
requiring up to 64K-bytes of program memory and/or 
up to 64K-bytes of data storage. A Block Diagram is 
shown in Figure 3. 

The 8031 is a control-oriented CPU without on-chip 
program memory. It can address 64K-bytes of 
external Program Memory in addition to 64K-bytes 
of External Data Memory. For systems requiring extra 
capability, each member of the 8051 family can be 
expanded using standard memories and the byte 
oriented MCS-80 and MCS-85 peripherals. The 8051 
is an 8031 with the lower 4K-bytes of Program 
Memory filled with on-chip mask programmable 
ROM while the 8751 has 4K-bytes of UV-light- 
erasable/electrically-programmable ROM. 


The three pin-compatible versions of this com- 
ponent reduce development problems to a minimum 
and provide maximum flexibility. The 8751 is well 
suited for development, prototyping, low-volume 
production and applications requiring field updates; 
the 8051 for low-cost, high volume production; and 
the 8031 for applications desiring the flexibility of 
external Program Memory which can be easily 
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modified and updated in the field. 


MACRO-VIEW OF THE 8051 
ARCHITECTURE 


On a single die the 8051 microcomputer combines 
CPU; non-volatile 4K x 8 read-only program memory; 
volatile 128 x 8 read/write data memory; 32 I/O lines; 
two 16-bit timer/event counters; a five-source, two- 
priority-level, nested interrupt structure; serial I/O 
port for either multi-processor communications, I/O 
expansion, or full duplex UART; and on-chip oscilla- 
tor and clock circuits. This section will provide an 
overview of the 8051 by providing a high-level de- 
scription of its major elements: the CPU architecture 
and the on-chip functions peripheral to the CPU. 
The generic term “8051” is used to refer collectively 
to the 8031, 8051, and 8751. 


8051 CPU Architecture 


The 8051 CPU manipulates operands in four memory 
spaces. These are the 64K-byte Program Memory, 
64K-byte External Data Memory, 384-byte Internal 
Data Memory and 16-bit Program Counter spaces. 
The Internal Data Memory address space is further 
divided into the 256-byte Internal Data RAM and 
128-byte Special Function Register (SFR) address 
spaces shown in Figure 4. Four Register Banks 
(each with eight registers), 128 addressable bits, 
and the stack reside in the Internal Data RAM. The 
stack depth is limited only by the available Internal 
Data RAM and its location is determined by the 8-bit 
stack pointer. All registers except the Program 
Counter and the four 8-Register Banks reside in the 
Special Function Register address space. These 
memory mapped registers include arithmetic regis- 
ters, pointers, |1/O ports, interrupt system registers, 
timers and serial port. 128 bit locations in the SFR 
address space are addressable as bits. Tne 8051 con- 
tains 128 bytes of Internal Data RAM and 20 SFRs. 
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Figure 4. 8051 Family Memory Organization 
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The 8051 provides a non-paged Program Memory 
address space to accommodate relocatable code. 
Conditional branches are performed relative to the 
Program Counter. The register-indirect jump permits 
branching relative to a 16-bit base register with an 
offset provided by an 8-bit index register. Sixteen-bit 
jumps and calls permit branching to any location 
in the contiguous 64K Program Memory address 
space. 

The 8051 has five methods for addressing source 
Operands: Register, Direct, Register-Indirect, Im- 
mediate and Base-Register- plus Index-Register- 
Indirect Addressing. The first three methods can be 
used for addressing destination operands. Most 
instructions have a “destination, source” field that 
specifies the data type, addressing methods and 
operands involved. For operations other than 
moves, the destination operand is also a source 
operand. 

Registers in the four 8-Register Banks can be 
accessed through Register, Direct, or Register- 
Indirect Addressing; the 128 bytes of Internal Data 
RAM through Direct or Register-Indirect Addressing; 
and the Special Function Registers through Direct 
Addressing. External Data Memory is accessed 
through Register-Indirect Addressing. Look-Up- 
Tables resident in Program Memory can be accessed 
through Base-Register- plus Index-Register- Indirect 
Addressing. 

The 8051 is classified as an 8-bit machine since the 
internal ROM, RAM, Special Function Registers, 
Arithmetic/Logic Unit and external data bus are each 
8-bits wide. The 8051 performs operations on bit, 
nibble, byte and double-byte data types. 

The 8051 has extensive facilities for byte transfer, 
logic, and integer arithmetic operations. It excels at 
bit handling since data transfer, logic and condi- 
tional branch operations can be performed directly 
on Boolean variables. 

The 8051's instruction set is an enhancement of 
the instruction set familiar to MCS-48 users. It is 
enhanced to allow expansion of on-chip CPU 
peripherals and to optimize byte efficiency and 
execution speed. Op codes were reassigned to add 
new high-power operations and to permit new 
addressing modes which make the old operations 
more orthogonal. Efficient use of program memory 
results from an instruction set consisting of 49 
single-byte, 45 two-byte and 17 three-byte instruc- 
tions. When using a 12 MHz oscillator, 64 instructions 
execute in lus and 45 instructions execute in 2us. 
The remaining instructions (multiply and divide) 
execute in only 4us. The number of bytes in each 
instruction and the number of oscillator periods 
required for execution are listed in the appended 
8051 Instruction Set Summary. 


8031/8051/8751 


PRELIMINARY 


On-Chip Peripheral Functions 

Thus far only the CPU and memory spaces of the 
8051 have been described. In addition to the CPU 
and memories, an interrupt system, extensive I/O 
facilities, and several peripheral functions are inte- 
grated on-chip to relieve the CPU of repetitious, 
complicated or time-critical tasks and to permit 
stringent real-time control of external system inter- 
faces. The extensive I/O facilities include the I/O 
pins, parallel 1/O ports, bidirectional address/data 
bus and the serial port for |/O expansion. The CPU 
peripheral functions integrated on-chip are the two 
16-bit counters and the serial port. All of these work 
together to greatly boost system performance. 


INTERRUPT SYSTEM 

External events and the real-time-driven on-chip 
peripherals require service by the CPU asynchronous 
to the execution of any particular section of code. 
To tie the asynchronous activities of these functions 
to normal program execution, a sophisticated mul- 
tiple-source, two-priority-level, nested interrupt sys- 
tem is provided. Interrupt response latency ranges 
from 3us to 7us when using a 12 MHz crystal. 

The 8051 acknowledges interrupt requests from 
five sources: Two from external sources via the INTO 
and INT1 pins, one from each of the two internal 
counters and one from the serial !/O port. Each 
interrupt vectors to a separate location in Program 
Memory for its service program. Each of the five 
sources can be assigned to either of two priority 
levels and can be independently enabled and dis- 
abled. Additionally all enabled sources can be globally 
disabled or enabled. Each external interrupt is pro- 
grammable as either level- or transition-activated 
and is active-low to allow the “wire or-ing” of several 
interrupt sources to the input pin. The interrupt 
system is shown diagrammatically in Figure 5. 


1/O FACILITIES 


The 8051 has instructions that treat its 32 I/O lines 
as 32 individually addressable bits and as four 
parallel 8-bit ports addressable as Ports 0, 1, 2 and 3. 
Ports 0, 2 and 3 can also assume other functions. 
Port 0 provides the multiplexed low-order address 
and data bus used for expanding the 8051 with 
standard memories and peripherals. Port 2 provides 
the high-order address bus when expanding the 
8051 with external Program Memory or more than 
256 bytes of External Data Memory. The pins of 
Port 3 can be configured individually to provide ex- 
ternal interrupt request inputs, counter inputs, the 
serial port’s receiver input and transmitter output, 
and to generate the control signals used for reading 
and writing External Data Memory. The generation 
or use of an alternate function on a Port 3 pin is 
done automatically by the 8051 as long as the pin 
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Figure 5. 8051 Interrupt System 


is configured as an input. The configuration of the 
ports is shown on the 8051 Family Logic Symbol 
of Figure 2. 

Open Drain 1/O Pins 


Each pin of Port 0 can be configured as an open 
drain output or as a high impedance input. Resetting 
the microcomputer programs each pin as an input by 
writing a one (1) to the pin. If a zero (0) is later written 
to the pin it becomes configured as an output and 
will continuously sink current. Re-writing the pin 
to a one (1) will place its output driver in a high- 
impedance state and configure the pin as an input. 
Each I/O pin of Port 0 can sink two TTL loads. 


Quasi-Bidirectional |/O Pins 


Ports 1, 2 and 3 are quasi-bidirectional buffers. 
Resetting the microcomputer programs each pin as 
an input by writing a one (1) to the pin. If a zero (0) 
is later written to the pin it becomes configured as 
an output and will continuously sink current. Any 
pin that is configured as an output will be recon- 
figured as an input when a one (1) is written to the 
pin. Simultaneous to this reconfiguration the output 
driver of the quasi-bidirectional port. will source 
current for two oscillator periods. Since current is 
sourced only when a bit previously written to a zero 
(0) is updated to a one (1), a pin programmed as an 
input will not source current into the TTL gate that 
is driving it if the pin is later written with another one 
(1). Since the quasi-bidirectional output driver sources 
Current for only two oscillator periods, an internal 


pullup resistor of approximately 20K- to 40K-ohms 
is provided to hold the external driver’s loading at a 
TTL high level. Ports 1, 2 and 3 can sink/source one 
TTL load. 


Microprocessor Bus 

A microprocessor bus is provided to permit the 8051 
to solve a wide range of problems and to allow the 
upward growth of user products. This multiplexed 
address and data bus provides an interface com- 
patible with standard memories, MCS-80 peripherals 
and the MCS-85 memories that include on-chip 
programmable I/O ports and timing functions. These 
are summarized in the 8051 Microcomputer Expan- 
sion Components chart of Figure 6. 

When accessing external memory the high-order 
address is emitted on Port 2 and the low-order 
address on Port 0. The ALE signal is provided for 
strobing the address into an external latch. The 
program store enable (PSEN) signal is provided for 
enabling an external memory device to Port 0 during 
a read from the Program Memory address space. 
When the MOVxX instruction is executed Port 3 auto- 
matically generates the read (RD) signal for enabling 
an External Data Memory device to Port 0 or gener- 
ates the write (WR) signal for strobing the external 
memory device with the data emitted by Port 0. Port 
0 emits the address and data to the external memory 
through a push/pull driver that can sink/source two 
TTL loads. At the end of the read/write bus cycle 
Port 0 is automatically reprogrammed to its high 
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8-Bit |/O Port 
8-Bit 1/O Port 


Peripheral Interface 
Programmable Com- 
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EPROM Program 
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256 x 8 330 ns RAM 
2K x 8 330 ns ROM 
2K x 8 330 ns EPROM 


User programmable and 
erasable. 


Data memory can be 
easily expanded using 
standard NMOS RAMs. 


Serves as Address Latch 
or I/O port. 


Three 8-bit programmable 
I/O ports. 

Serial Communications 
Receiver/Transmitter. 


MCS-80 and MCS-85 
peripheral devices are 
compatible with the 8051 
allowing easy addition of 
specialized interfaces. 
Future MCS-80/85 
devices will also be 
compatible. 


User programmable to 
perform custom I/O and 
control functions. 
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Figure 6. 8051 Microcomputer Expansion Components 


impedance state and Port 2 is returned to the state 
it had prior to the bus cycle. The 8051 generates 
the address, data and control signals needed by 
memory and I/O devices in a manner that minimizes 
the requirements placed on external program and 
data memories. At 12 MHz, the Program Memory 
cycle time is 500ns and the access times required 
from stable address and PSEN are approximately 
320ns and 150ns respectively. The External Data 
Memory cycle time is ius and the access times 
required from stable address and from read (RD) 
or write (WR) command are approximately 600ns 
and 250ns respectively. 


TIMER/EVENT COUNTERS 

The 8051 contains two 16-bit counters for measuring 
time intervals, measuring pulse widths, counting 
events and generating precise, periodic interrupt re- 
quests. Each can be programmed independently to 
operate similar to an 8048 8-bit timer with divide by 32 
prescaler or as an 8-bit counter with divide by 32 pre- 
scaler (Mode 0), as a 16-bit time-interval or event 
counter (Mode 1), or as an 8-bit time-interval or 
event counter with automatic reload upon over- 
flow (Mode 2). 

Additionally, counter 0 can be programmed to a 
mode that divides it into one 8-bit time-interval or 
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event counter and one 8-bit time-interval counter 
(Mode 3). When counter 0 is in Mode 3, counter 1 can 
be programmed to any of the three aforementioned 
modes, although it cannot set an interrupt request 
flag or generate an interrupt. This mode is useful 
because counter 1’s overflow can be used to pulse 
the serial port’s transmission-rate generator. Along 
with their multiple operating modes and 16-bit pre- 
cision, the counters can also handle very high input 
frequencies. These range from 0.1 MHz to 1.0 MHz 
(for 1.2 MHz to 12 MHz crystal) when programmed 
for an input that is a division by 12 of the oscillator 
frequency and from 0 Hz to an upper limit of 50 KHz 
to 0.5 MHz (for 1.2 MHz to 12 MHz crystal) when 
programmed for external inputs. Both internal and 
external inputs can be gated to the counter by a 
second external source for directly measuring 
pulse widths. 

The counters are started and stopped under software 
control. Each counter sets its interrupt request flag 
when it overflows from all ones to all zeros (or auto- 
reload value). The operating modes and input sources 
are summarized in Figures 7 and 8. The effects of 
the configuration flags and the status flags are shown 
in Figures 9 and 10. 


Serial Communications 

The 8051 has a serial I/O port that is useful for 
serially linking peripheral devices as well as multiple 
8051s through standard asynchronous protocols with 
full-duplex operation. The serial port also has a 
synchronous mode for expansion of I/O lines using 
CMOS and TTL shift registers. This hardware serial 
communications interface saves ROM code and 
permits a much higher transmission rate than could 
be achieved through software. In response to a serial 
port interrupt request the CPU has only to read/write 
the serial port's buffer to service the serial link. 
A block diagram of the serial port is shown in Figures 
11 and 12. Methods for linking UART (universal 
asynchronous receiver/transmitter) devices are 
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Figure 7. Timer/Event Counter 
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Figure 8. Timer/Event Counter 0 in Mode 3 
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Figure 12. Serial Port— UART Modes 1, 2, and 3 
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A. MULTI-8051 INTERCONNECT—HALF DUPLEX 


8031/8051/8751 


B. MULTI-8051 INTERCONNECT—FULL DUPLEX 


C. 8051-8251 INTERFACE 


Figure 13. UART Interfacing Schemes 


shown in Figure 13 and a method for I/O expansion 
is shown in Figure 14. 

The full-duplex serial !/O port provides asyn- 
chronous modes to facilitate communications with 
standard UART devices, such as printers and CRT 
terminals, or communications with other 8051s in 
multi-processor systems. The receiver is double 
buffered to eliminate the overrun that would occur if 
the CPU failed to respond to the receiver’s interrupt 
before the beginning of the next frame. Double buffer- 
ing of the transmitter is not needed since the 8051 
can generally maintain the serial link at its maximum 
rate without it. A minor degradation in transmission 
rate Can occur in rare events such as when the servic- 
ing of the transmitter has to wait for a lengthy inter- 
rupt service program to complete. In asynchronous 
modes, false start-bit rejection is provided on re- 
ceived frames. For noise rejection a best two-out-of- 
three vote is taken on three samples near the center 
of each received bit. 

When interfacing with standard UART devices the 
serial channel can be programmed to a mode (Mode 
1) that transmits/receives a ten-bit frame or pro- 
grammed to a mode (Mode 2 or 3) that transmits/ 
receives an eleven-bit frame as shown in Figure 15. 
The frame consists of a start bit, eight or nine data 
bits and a stop bit. In Modes 1 and 3, the transmission- 
rate timing circuitry receives a pulse from counter 1 
each time the counter overflows. The input to counter 
1 can be an external source or a division by 12 of the 
oscillator frequency. The auto-reload mode of the 
counter provides communication rates of 122 to 
31,250 bits per second (including start and stop bits) 
for a 12 MHz crystal. In Mode 2 the communication 
rate is a division by 64 of the oscillator frequency 
yielding a transmission rate of 187,500 bits per 
second (including start and stop bits) for a 12 MHz 
crystal. 

Distributed processing offers a faster, more power- 
ful system than can be provided by a single CPU 
processor. This results from a hierarchy of intercon- 
nected processors, each with its own memories and 
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Figure 14. I/O Expansion Technique 
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1. Slaves—Configure serial port to interrupt 
CPU if the received ninth data bit 
is a one (1). 

2. Master—Transmit frame containing address 
in first 8 data bits and set ninth data 
bit (i.e. ninth data bit designates 
address frame). 


3. Slaves—Serial port interrupts CPU when 
address frame is received. Interrupt 


service program compares received 
address to its address. The slave 
which has been addressed recon- 
figures its serial port to interrupt 
the CPU on all subsequent trans- 
missions. 


4. Master—Transmit control frames and data 
frames (these will be accepted only 
by the previously addressed slave). 


Figure 16. Protocol for Multi-Processor 
Communications 


1/O. In multiprocessing, a host 8051 microcomputer 
controls a multiplicity of 8051s configured to operate 
simultaneously on separate portions of the program, 
each controlling a portion of the overall process. 
The interconnected 8051s reduce the load on the 
host processor and result in a low-cost system of 
data transmission. This form of distributed process- 
ing is especially effective in systems where controls 
in a complex process are required at physically 
separated locations. 

In Modes 2 and 3 the automatic wake-up of slave 
processors through interrupt driven address-frame 
recognition is provided to facilitate interprocessor 
communications. The protocol for interprocessor 
communications is shown in Figure 16. 
In synchronous mode (Mode 0) the high speed serial 
port provides an efficient, low-cost method of expand- 
ing I/O lines using standard TTL and CMOS shift 
registers. The serial channel provides a clock output 
for synchronizing the shifting of bits to/from an 
external register. The data rate is a division by 12 
of the oscillator frequency and is 1M bits per second 
at 12 MHz. 


8051 Family Pin Description 


Vss 
Circuit ground potential. 


Vcc 

+5V power supply during operation, programming 
and verification. 

Port 0 


Port 0 is an 8-bit open drain bidirectional |/O port. 


8031/8051/8751 


PRELIMINARY 


Itis also the multiplexed low-order address and data 
bus when using external memory. It is used for data 
input and output during programming and verifi- 
cation. Port 0 can sink/source two TTL loads. 


PORT 1 
Port 1 is an 8-bit quasi-bidirectional I/O port. It is 
used for the low-order address byte during program- 


ming and verification. Port 1 can sink/source one 
TTL load. 


PORT 2 

Port 2 is an 8-bit quasi-bidirectional I/O port. It also 
emits the high-order 8 bits address when accessing 
external memory. It is used for the high-order 
address and the control signals during programming 
and verification. Port 2 can sink/source one TTL 
load. 


PORT 3 

Port 3 is an 8-bit quasi-bidirectional I/O port. It also 

contains the interrupt, timer, serial port and RD and 

WR pins that are used by various options. The 

output latch corresponding to a secondary function 

must be programmed to a one (1) for that function to 
operate. Port 3 can sink/source one TTL load. The 
secondary functions are assigned to the pins of Port 

3, as follows: 

— RXD/data (P3.0). Serial port’s receiver data input 
(asynchronous) or data input/output (synchro- 
nous). 

— TXD/clock (P3.1). Serial port’s transmitter data 
output (asynchronous) or clock output (synchro- 
nous). 

— INTO (P3.2). Interrupt 0 input or gate control input 
for counter 0. 

—INT1 (P3.3). Interrupt 1 input or gate control input 
for counter 1. 

— TO (P3.4). Input to counter 0. 

—T1 (P3.5). Input to counter 1. 

—WR (P3.6). The write control signal latches the 
data byte from Port 0 into the External Data 
Memory. 

—RD (P3.7). The read control signal enables 
External Data Memory to Port 0. 


RST/Vpp 

A low to high transition on this pin (at approximately 
3V) resets the 8051. If Vpp is held within its spec 
(approximately +5V), while VCC drops below spec, 
Vpp will provide standby power to the RAM. When 
Vppislow, the RAM’s current is drawn fromVCC.A 
small internal resistor permits power-on reset using 
only a capacitor connected to VCC. 


ALE/PROG 


Provides Address Latch Enable output used for 
latching the address into external memory during 
normal operation. Receives the program pulse 
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input during EPROM programming. 
PSEN 
The Program Store Enable output is a control signal 


that enables the external Program Memory to the 
bus during normal fetch operations. 

EA/VDD 

When held at a TTL high level, the 8051 executes 
instructions from the internal ROM/EPROM when 
the PC is less than 4096. When held at a TTL low 
level, the 8051 fetches all instuctions from external 
Program Memory. The pin also receives the 21V 
EPROM programming supply voltage. 


XTAL1 

Input to the oscillator’s high gain amplifier. A crystal 
or external source can be used. 

XTAL2 


Output from the oscillator’s amplifier. Required when 
a crystal is used. 


8051 FAMILY DEVELOPMENT SYSTEM 
AND SOFTWARE SUPPORT 


The 8051 is supported by a total range of Intel de- 
velopment tools. This broad range of support 
shortens the product development cycle and thus 
brings the product to market sooner. 


@e ASM51 ~~ Absolute macro assembler for the 8051. 

e CONV51 8048 assembly language source code 
to 8051 assembly source code conver- 
sion program. 


e EM-51 8051/8751 emulator board that uses a 
modified 8051 and an EPROM. 

e |CE-51™ Real-time in-circuit emulator. 

¢ SDK-51 System Design Kit for Developing User 


Prototype around the 8051. 

UPP-551 8751 personality card for UPP-103 
Universal PROM Programmer. 

® 8051 Workshop. 


8051 Software Development Package 
(ASM51 and CONV51) 


The 8051 software development package provides 
development system support for the powerful 8051 
family of single chip microcomputers. The package 
contains a symbolic macro assembler and a 8048 
to 8051 source code converter. This diskette-based 
software package runs under ISIS-II on any Intellec® 
Microcomputer Development System with 64K 
bytes of memory. 


8051 Macro Assembler (ASM51) 


The 8051 macro assembler translates symbolic 8051 
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assembly language instructions into machine exe- 
cutable object code. These assembly language 
mnemonics are easier to program and are more 
readable than binary or hexidecimal machine in- 
structions. Also, by allowing the programmer to 
give symbolic names to memory locations rather 
than absolute addresses, software design and 
debug are performed more quickly and reliably. 


ASM51 provides symbolic access for the many use- 
ful addressing methods in the 8051 architecture 
which reference bit, nibble and byte locations. 


The assembler supports macro definitions and 
calls. This provides a convenient means of program- 
ming a frequently used code sequence only once. 
The assembler also provides conditional assembly 
capabilities. Cross referencing is provided in the 
symbol table listing, which shows the user the lines 
in which each symbol was defined and referenced. 


If an 8051 program contains errors, the assembler 
provides a comprehensive set of error diagnostics, 
which are included in the assembly listing. 


The object code generated may be used to program 
the 8751 EPROM version of the chip or sent to 
Intel for fabricating the 8051 ROM version. The 
assembler output can also be debugged using the 
ICE-51 in-circuit emulator. 


8048 to 8051 Assembly Language 
Converter Utility Program (CONV51) 


The 8048 to 8051 assembly language converter is 
a utility to help users of the MCS-48 family of micro- 
computers upgrade their designs to the high per- 
formance 8051 architecture. By converting 8048 
source code to 8051 source code, the investment in 
software developed for the 8048 is maintained when 
the system is upgraded. 


8051 Emulation Board (EM-51) 


The EM-51 8051 emulation board is asmall (2.85” x 
5.25") board which emulates an 8031/8051/8751 
microcomputer using standard PROMs or EPROMs 
in place of the 8051’s on-chip program memory. The 
board includes a modified 8051 microcomputer, 
supporting circuits, and two sockets for program 
memory. The user may select two 2716 EPROMS, a 
2732 EPROM, or two 3636 bipolar PROMs depend- 
ing on crystal frequency and power requirements. 


8051 In-Circuit Emulator (ICE-51™) 


The 8051 In-Circuit Emulator resides in the Intellec 
development system. The development system 
interfaces with the user's 8051 system through an 
in-cable buffer box with the cable terminating in an 
8051 pin-compatible plug. Together these replace 
the 8051 device in the system. With the emulator 
plug in place, the designer can exercise the system 
in real-time while collecting up to 255 instruction 
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cycles of real-time data. In addition, he can single 
step the system program. 

Static RAM memory is available in the |ICE-51 buffer 
box to emulate the 8051’s internal and external pro- 
gram memories and external data memory. The 
designer can display and alter the contents of the 
replacement memory in the ICE-51 buffer box, 
internal 8051 registers, internal data RAM, and 
Special Function Registers. Symbolic reference 
Capability allows the designer to use meaningful 
symbols provided by ASM51 rather than absolute 
values when examining and modifying these mem- 
ory, register, flag, and I/O locations in his system. 


Universal PROM Programmer 
Personality Card (UPP-551) 


The UPP-551 is a personality card for the UPP-103 
Universal PROM Programmer. The Universal PROM 


Programmer is an Intellec system peripheral cap- 
able of programming and verifying the 8751 when 
the UPP-551 is inserted. Programming and verfica- 
tion operations are initiated from the Intellec de- 
velopment system console and are controlled by the 
Universal PROM Mapper (UPM) program. 


8051 Workshop 


The workshop provides the design engineer or 
system designer hands-on experience with the 8051 
microcomputers. The course includes explanation 
of the Intel 8051 architecture, system timing and 
input/output design. Lab sessions will allow the 
attendee to gain detailed familiarity with the 8051 
family and support tools. 


INSITE™ Library 


The INSITE Library contains 8051 utilities and 
applications programs. 


ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature Under Bias .......... 0°C to 70°C 
Storage Temperature.................. -65° C to +150° C 


ad wis G2 opie R EOE -0.5V to +7V 
POWS! DISSIDGHON 6 accscsnncucs Gasaueriseunsesds 2 Watts 


“NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this speci- 
fication is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (Ta = 0°C to 70°C; Voc = 5V + 5%; Vsg = OV) 


Parameter 
VIL Input Low Voltage (All except XTAL1) 


Vit Input Low Voltage (XTAL1) 


m | on p|o]o i) = 
Ba wero}; = 3 


VIH Input High Voltage 
(All Except XTAL1, RST/Vpp) 


VIH1 Input High Voltage (XTAL1) 


VIH2 Input High Voltage (RST) 


VIH3 Input High Voltage (Vpp) 


VOL Output Low Voltage 
(All Outputs Except Port 0) 


VOL1 Output Low Voltage (Port 0) 


VOH Output High Voltage (All Outputs 
Except Port 0, ALE and PSEN) 


Output High Voltage (ALE and PSEN. 
Port 0 in External Bus Mode) 


VOH1 


lie) Pullup Resistor Current (P1, P2, P3) 
ot Output Leakage Current (PO) 


Power Supply Current 
(All Outputs Disconnected) 


Power Down Supply Current 


?) 


Cio Capacitance Of |/O Buffer 


Ty 


TG 


Power Down Only 
Veo =o 
lo_=2 mA 


< 


lo. =4 mA 
loH=-100 vA 


loH= -400 uA 


> 


-5VEVIN<VCC 


+ 
oO 

= 
> 


45V<VIN<VCC 


Ah 
= 3 
> > 


T= 25°C 


Te 20° G, Vpp = 5V, 
Voc= OV 


pF fc=1MHz 


oxi 
=) 
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A.C. CHARACTERISTICS (TA = 0°C to 70°C; Voc = 5V + 5%; CL for Port 0, ALE and PSEN Outputs = 
150 PF; CL for All Other Outputs = 80 PF) 


Program Memory Characteristics 


Variable Clock 
1/TCLCL=1.2 MHz to 12 MHz 


reve [oscimorrenos | a | | m | | —~+dt 
roy [Mininawcton eeTine | 10 | | mm _[rareua | wvouce—| me 
unit [ALerusewon | wo) «dm farcucen| oe 
Tawi [adoess setup Toare | eo | | _m [races | «ito 
Tux [asus Howateale | | | me |roas| it 
ruth [SEN ALE GyeieTme | wo | | me [ora | | 
Tru |PSEN Tovaisinavin | | 0 | m | ——~d reccuoo | ne 
evox |wpstOaaroaanerrSe | 0 | | m fa | +d 
TeHo2 |imputOariow anerPSEN | | 7 | me | [vec | me 
posresnonrorsen [0 | | » [eo +d 


External Data Memory Characteristics 


- Yami Glock [Variable Glock 
runt [RO Pisewam | wo) mora | 
rw [warusewan | «wo | | _m feroicuw | | 
rraiov [AO Toveisonam | «|| mm | Ci STOLLO | om 
rraiox [oaatouaner® | 0 | | m fe | itm 
rraioz [omer awe®S |_| wo | m= | _[aveucuve | _m 
Travov [Asst Tovalgostnin |__| eo | _m | _foveucutso | om 
awe [Adsress ToWRorAS | aw | | mw [wacom | | m 
row [owe seupeerewe | «wo ] | _m [rreccw | | m 
rrwtox [ou recarerwe | wo | | m [erace |_| _m 


NOTE: 
There are 2 to 8 ALE cycles per instruction. Clocks and state timing are shown on the timing diagram for reference purposes only. They are 
not accessible outside the package. TCY is the minimum instruction cycle time which consists of 12 oscillator clocks or two ALE cycles. 


Address setup and hold time from ALE are the same for data and program memory. 
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T2 


T12 T1 T2 T3 T4 TS T6 T7 T T T10 T11 T12 T1 
osc 


eS a En 


PORT 2 ADDRESS A45-Ag SFR P2 


PORT 0 
ALE 
PSEN 
RD 
ADDRESS Oh 
PORT 2 SFR P2 
ADDRESS 
PORT 0 OR FLOAT 
ALE 
PSEN 
wR 
ADDRESS OR 
PORT 2 SFR P2 
ADDRESS 
PORT 0 INSTR IN |FLOAT OR FLOAT 


Data Memory Write Cycle 
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Table 1. 8051 Instruction Set Summary 


Interrupt Response Time: To finish execution of current instruction, 
respond to the interrupt request, push the PC and to vector to the first 


Notes on instruction set and addressing modes: 
Rn — Register R7-RO of the currently selected Register Bank. 


data —8-bit internal data location’s address. This could be an instruction of the interrupt service program requires 38 to 81 oscillator 
internal Data Ram location (0-127) or a SFR (i.e. I/O periods (3 to 7 ys @12MHz). 
port, control register, status register, etc. (128-255). INSTRUCTIONS THAT AFFECT FLAG SETTINGS’ 
@Ri —8-bit Internal Data RAM location (0-255) addressed in- 
Realy a yongn Kegure eel Hi. INSTRUCTION _— FLAG INSTRUCTION _— FLAG 
#data — 8-bit constant included in instruction. C OV AC C ov Ac 
#datai16 — 16-bit constant included in instruction. ADD x x x CLRC 0 
addr16 — 16-bit destination address. Used by LCALL & LUMP. A ADDC x x x CPL C x 
branch can be anywhere within the 64K-byte Program SUBB x x x ANL C. bit x 
Memory address space. gna 
addr11 — 11-bit destination address. Used by ACALL & AJMP. The ah : . pie pg : 
branch will be within the same 2K-byte page of program DA x ORL C /bit x 
memory as the first byte of the following instruction. RRC x MOV C bit x 
rel —Signed (two's complement) 8-bit offset byte. Used by RLC x CJNE , x 
SJMP and all conditional jumps. Range is -128 to +127 SETBC 1 


bytes relative to first byte of the following instruction. 
bit —Direct Addressed bit in Internal Data RAM or Special 
Function Register. 


— New operation not provided by 8048/8049. 


Data Transfer 


Mnemonic 
MOV A,Rn 
“MOV A,data 
MOV A,@Ri 
MOV A,#data 
MOV Rn,A 
“MOV Rn,data 
MOV Rn,#data 


*MOV data,A 
*MOV data,Rn 
*MOV data.data 


“MOV data,@Ri 
*MOV data,#data 


MOV @Ri.A 
*MOV @Ri.data 


MOV @Ri,#data 


*MOV DPTR, 
#data16 

*MOV C)bit 

*MOV bit,C 

*MOVC A,@A+ 
DPTR 

*MOVC A,@A+PC 


MOVX A,.@Ri 


*MOVX A,@DPTR 


MOVX @Ri.A 
*MOVX @DPTR,A 
*PUSH data 
“POP data 

XCH A,Rn 
*XCH A.data 


XCH A.@Ri 


XCHD A.@Ri 


Description 
Move register to A 
Move direct byte toA 
Move indirect RAM to A 
Move immediate data toA 
Move A to register 
Move direct byte to register 
Move immediate data to 
register 
Move A to direct byte 
Move register to direct byte 
Move direct byte to direct 
byte 
Move indirect RAM to direct 
byte 
Move immediate data to 
direct byte 
Move A to indirect RAM 
Move direct byte to indirect 
RAM 
Move immediate data to 
indirect RAM 
Move 16-bit constant to Data 
Pointer 
Move direct bit to carry 
Move carry to direct bit 
Move Program Memory byte 
addressed by A+DPTRtoA 
Move Program Memory byte 
addressed by A+PC toA 
Move External Data (8-bit 
address) toA 
Move External Data (16-bit 
address) toA 
Move A to External Data 
(8-bit address) 
Move A to External Data 
(16-bit address) 
Move direct byte to stack 
and inc. SP 
Move direct byte from stack 
and dec. SP 
Exchange register with A 
Exchange direct byte with A 
Exchange indirect RAM 
with A 
Exchange indirect RAM’s 
least sig nibble with A’s LSN 


Bytes 


Oscillator 
Periods 
12 
12 
12 
12 
12 
24 
12 
12 
24 
24 
24 
24 


12 
24 


12 
24 
12 
24 
24 
24 
24 
24 
24 
24 
24 
24 
12 
12 


12 


12 


‘Note that operations on SFR byte address 208 or bit addresses 209- 
215 (i.e. the PSW or bits ih the PSW) will also affect flag settings. 


Logic 


Mnemonic 
ANL A,Rn 
*ANL A,data 
ANL A,@Ri 
ANL A,#data 
*ANL data,A 
*ANL data,#data 


“ANL C,bit 
“ANL C,/bit 


ORL A,Rn 
“ORL A,data 

ORL A.@Ri 

ORL A,#data 
*ORL data,A 
“ORL data,#data 


*ORL C,bit 
“ORL C,/bit 


XRL A,Rn 
*XRL A,data 
XRL A,@Ri 


XRL A,#data 


*"XRL data,A 
*“XRL data,#data 


*SETBC 
*SETB bit 
CLRA 
CLRC 
“CLR bit 
CPLA 
CPL C 
*GPL bi 

RLA 
RLCA 
RRA 
RRC A 
SWAP A 


Description 

AND register to A 

AND direct byte toA 

AND indirect RAMto A 
AND immediate data to A 
AND A to direct byte 

AND immediate data to direct 
byte 

AND direct bit to carry 

AND complement of direct bit 
to carry 

OR register to A 

OR direct byte toA 

OR indirect RAM to A 

OR immediate data to A 

OR A to direct byte 

OR immediate data to direct 
byte 

OR direct bit to carry 

OR complement of direct bit 
to carry 

Exclusive-OR register to A 
Exclusive-OR direct byte toA 
Exclusive-OR indirect RAM 
toA 

Exclusive-OR immediate 
datatoA 

Exclusive-OR A to direct byte* 
Exclusive-OR immediate 
data to direct byte 

Set carry 

Set direct bit 

Clear A 

Clear carry 

Clear direct bit 

Complement A 

Complement carry 
Complement direct bit 
Rotate A Left 

Rotate A Left through carry 
Rotate A Right 

Rotate A Right through carry 
Rotate A left four (exchange 
nibbles within A) 


a ee ee ee ee Oe ee er er 


Oscillator 


Bytes Periods 


12 
12 
12 
12 
12 
24 


24 
24 


12 
12 
12 
12 
12 
24 


24 
24 


12 
12 
12 


12 


12 
24 


12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 


All mnemonics copyrighted® Intel Corporation 1980. 
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Arithmetic Control Transfer (Branch) 
Oscillator Oscillator 
Mnemonic Description Bytes Periods Mnemonic Description Bytes Periods 
ADD A,Rn Add register to A 1 12 AJMP addr 11 Absolute Jump 24 
“ADD A,data Add direct byte toA 12 *LUMP addri6 Long Jump 24 
ADD A,@Ri Add indirect RAM to A 12 *“SJMP rel Short Jump 24 
ADD A,#data Add immediate data to A 12 “JMP @A+DPTR = Jump indirect relative to 24 
ADDC A,Rn Add register and carry flag toA 12 the DPTR 
*“ADDC A,data Add direct byte and carry flag 12 JZ rel Jump if A is zero 24 
toA JNZ rel Jump if A is not zero 24 
ADDC A,@Ri Add indirect RAM and carry 12 JC rel Jump if carry is set 24 
flag toA JNC rel Jump if carry is not set 24 
ADDC A,#data Add immediate data and carry 12 *JB bit,rel Jump relative if direct bit 24 
flag to A is set 
*SUBB A,Rn Subtract register and carry flag 12 *JNB bit,rel Jump relative if direct bit 24 
from A is not set 
*SUBB A,data Subtract direct byte and carry 12 *JBC bit,rel Jump relative if direct bit 24 
flag from A is set, then clear bit 
*“SUBB A,@Ri Subtract indirect RAM and 12 “CJNE A,data,rel Compare direct byte to A 24 
carry flag from A & Jump if not Eq. 
*“SUBB A,#data Subtract immediate data and 12 See Note a. 


carry flag from A “CJNE A,#data,rel Compare immed. to A & Jump 


INCA increment A 

INC Rn Increment register 
“INC data Increment direct byte 

INC @Ri Increment indirect RAM 

DECA Decrement A 

DEC Rn Decrement register 
*DEC data Decrement direct byte 
“DEC @Ri Decrement indirect RAM 
*INC DPTR Increment Data Pointer 
“MUL AB Multiply A times B 
“DIV AB Divide A by B 

DAA Decimal add Adjust of A 


12 if not Eq. See Note a. 

12 “CJNE Rn,#data, Compare immed. to reg & 

12 rel Jump if not Eq. See Note a. 

12 *“CNJE @Ri, Compare immed. to indirect 

12 #data,rel RAM & Jump if not Eq. 

12 See Note a. 

12 DJNZ Rn,rel Decrement register & Jump 24 
12 if not zero 

24 *DJNZ data,rel Decrement direct byte & 24 
48 Jump if not zero 

48 Note a) Set C if the first operand is less than the second operand; 
12 else clear 


ak ak ak ok oh (5 a6 ok =k AQ at ot 


Control Transfer (Subroutine) 
Oscillator 
Mnemonic Description Bytes Periods 
Other ACALL addr11 Absolute Subroutine Call 2 24 
Oscillator LCALL addri6 —Long Subroutine Call 3 24 
Mnemonic Description Bytes Periods RET Return from Subroutine Call 1 24 
NOP No Operation 1 12 RETI Return from Interrupt Call 1 24 
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8048H/8048H-1/8035HL/8035HL-1 
HMOS SINGLE COMPONENT 8-BIT MICROCOMPUTER 


@ 8048H/8048H-1 Mask Programmable ROM 
@ 8035HL/8035HL-1 CPU Only with Power Down Mode 


= 8-BIT CPU, ROM, RAM, I/O in Single m@ 1Kx8ROM 
Package 64 x RAM 
@ High Performance HMOS 27 I/O Lines 
m Reduced Power Consumption @ Interval Timer/Event Counter 
m@ 1.4 psec and 1.9 psec Cycle Versions m Easily Expandable Memory and I/O 
All Instructions 1 or 2 Cycles = Compatible with 8080/8085 Series 
m@ Over 90 Instructions: 70% Single Byte Peripherals 


@ Two Single Level Interrupts 


The Intel® 8048H/8048H-1/8035HL/8035HL-1 are totally self-sufficient, 8-bit parallel computers fabricated on single 
silicon chips using Intel’s advanced N-channel silicon gate HMOS process. 


The 8048H contains a1K X8 program memory, a64 X8 RAM datamemory, 27 I/O lines, and an8-bit timer/counterin addition 
to on-board oscillator and clock circuits. For systems that require extra capability the 8048H can be expanded using stan- 
dard memories and MCS-80® /MCS-85® peripherals. The 8035HL is the equivalent of the 8048H without program memory 
and can be used with external ROM and RAM. 


To reduce development problems to aminimum and provide maximum flexibility, alogically and functionally pin compati- 
ble version of the 8048H with UV-erasable user-programmable EPROM program memory is available. The 8748 will emulate 
the 8048H up to 6 MHz clock frequency with minor differences. 


The 8048H is fully compatible with the 8048 when operated at 6MHz. 


These microcomputers are designed to be efficient controllers as well as arithmetic processors. They have extensive bit 
handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results from 
an instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in length. 


XTAL | 


SINGLE 
STEP READ 


EXTERNAL 
MEM 8035HL 
8048H-1 WRITE 


8035HL-1 
TEST 
PROGRAM 


STORE 
ENABLE 


64 WORDS 
DATA 
MEMORY 


1024 WORDS 
PROGRAM 
MEMORY 


INTERRUPT 


ADDRESS 
LATCH 
ENABLE 


PORT 
EXPANDER 
STROBE 


8 BIT 


27 
1/O LINES 


TIMER 
EVENT COUNTER 


BUS 


Figure 1. Figure 2. Figure 3. Pin 
Block Diagram Logic Symbol Configuration 
(top view) 
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PROG 


P10-P17 
Port 1 


P20-P27 
Port 2 


DBO-DB7 
BUS 


Table 1. Pin Description 


Circuit GND potential 
Low power standby pin 


Main power supply; +5V during 
operation. 


Output strobe for 8243 I/O 
expander. 


8-bit quasi-bidirectional port. 
8-bit quasi-bidirectional port. 


P20-P23 contain the four high 
order program counter bits dur- 
ing an external program memory 
fetch and serve as a 4-bit I/O 
expander bus for 8243. 


True bidirectional port which 
can be written orread 
synchronously using the RD, WR 
strobes. The port can also be 
Statically latched. 


Contains the 8 low order pro- 
gram counter bits during an 
external program memory fetch, 
and receives the addressed 
instruction under the control of 
PSEN. Also contains the address 
and data during an external RAM 
data store instruction, under 
control of ALE, RD, and WR. 


Input pin testable using the 
conditional transfer instructions 
JTO and JNTO. TO can be 
designated as a clock output 
using ENTO CLK instruction. 


Input pin testable using the JT1, 
and JNT1 instructions. Can be 
designated the timer/counter 
input using the STRT CNT 
instruction. 


Interrupt input. Initiates an 
interrupt if interrupt is enabled. 
Interrupt is disabled after a reset. 
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Also testable with conditional 
jump instruction. (Active low) 


Output strobe activated during a 
BUS read. Can be used to enable 
data onto the bus from an 
external device. 


Used as a read strobe to external 
data memory. (Active low) 


Input which is used to initialize 
the processor. (Active low) 
(Non TTL V]H) 


Output strobe during a bus write. 
(Active low) 


Used as write strobe to external 
data memory. 


Address latch enable. This signal 
occurs once during each cycle 
and is useful as a clock output. 


The negative edge of ALE strobes 


address into external data and 
program memory. 


Program store enable. This out- 
put occurs only during a fetch to 
external program memory. 
(Active low) 


Single step input can be used 

in conjunction with ALE to “single 
step” the processor through each 
instruction. (Active low) 


External access input which 
forces all program memory 
fetches to reference external 
memory. Useful for emulation 
and debug, and essential for 
testing and program verification. 
(Active high) 


One side of crystal input for 
internal oscillator. Also input for 
external source. (Non TTL Vj}) 


Other side of crystal input. 
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Mnemonic 
ADD A, R 
ADD A, @R 
ADD A, # data 


Description 

Add register to A 

Add data memory to A 

Add immediate to A 

ADDC A, R Add register with carry 
ADDC A, @R Add data memory with carry 
ADDC A, # data Add immediate with carry 
ANL A, R And register to A 

ANL A, @R And data memory to A 

ANL A, # data And immediate to A 

ORLA, R Or register to A 

ORL A @R Or data memory to A 
ORLA, #data Or immediate toA 

XRL A, R Exclusive or register to A 
XRL A, @R Exclusive or data memory to A 
XRL, A, # data Exclusive or immediate to A 
INCA Increment A 

DECA Decrement A 

CLRA Clear A 

CPLA Complement A 

DAA Decimal adjust A 

SWAP A Swap nibbles of A 

RLA Rotate A left 

RLCA Rotate A left through carry 
RRA Rotate A right 

RRC A Rotate A right through carry 


Input/Output 


Description 

Input port to A 

Output A to port 

And immediate to port 
Or immediate to port 
INS A, BUS Input BUS to A 

OUTL BUS, A Output A to BUS 

ANL BUS, # data And immediate to BUS 
ORL BUS, # data Or immediate to BUS 
MOVD A,P Input expander port toA 
MOVD P, A Output A to expander port 
ANLD P, A And A to expander port 
ORLD P, A Or A to expander port 


Mnemonic 

IN A, P 
OUTLP,A 
ANL P, # data 
ORL P, # data 


Description 

Increment register 
Increment data memory 
Decrement register 


Mnemonic 
INC R 
INC @R 
DEC R 


Branch 


Mnemonic 
JMP addr 
JMPP @A 
DJNZ R, addr 
JC addr 
JNC addr 
JZ addr 
JNZ addr 
JTO addr 
JNTO addr 
JT1 addr 
JNT1 addr 
JFO addr 
JF1 addr 
JTF addr 
JN1 addr 
JBb addr 


Description 

Jump unconditional 
Jump indirect 
Decrement register and skip 
Jump on carry = 1 

Jump on carry = 0 

Jump on A zero 

Jump on A not zero 
Jump on TO = 1 

Jump on TO=0 

Jump on T1 = 1 

Jump on T1=0 

Jump on FO= 1 

Jump on F1 = 1 

Jump on timer flag 

Jump on INT = 0 

Jump on accumulator bit 


8048H/8048H- 1/8035HL/8035HL-1 


Table 2. Instruction Set 


Bytes Cycles 
1 1 


a ee ee ee ee ee ee ee ee ee ee Or er Om ae ome Y 
a a ae ee ee ee ee ee ee ee Or re Or a ae Om 


Bytes Cycles 
1 2 


1 2 
2 2 
2 2 
1 2 
1 2 
2 2 
2 2 
1 2 
1 2 
1 2 
1 2 


Bytes Cycies 
1 1 
1 1 
1 1 


Bytes Cycles 
2 


MNONMNONNDNNNNNONNNN ND — 
NMNNDNMNYNNNNNNNNN NN ND DY 


Subroutine 


Mnemonic 
CALL addr 
RETR 
RETR 


Flags 


Mnemonic 
CLRC 
CPLC 
CLR FO 
CPL FO 
CLR F1 
CPL F1 


Data Moves 


Mnemonic 
MOV A, R 
MOV A, @R 
MOV A, # data 
MOVR,A 
MOV @R, A 
MOV R, # data 
MOV @R, #data 
MOV A, PSW 
MOV PSW, A 
XCHA,R 
XCH A, @R 
XCHD A, @R 


MOVX A, @R 
MOVX @R, A 
MOVP A, @A 
MOVP3 A, @ 


Timer/Counter 


Mnemonic 
MOV A, T 
MOV T,A 
STRT T 
STRT CNT 
STOP TCNT 
EN TCNT1 
DIS TCNT1 


Control 


Mnemonic 
EN 1 

DIS 1 

SEL RBO 
SEL RB1 
SEL MBO 
SEL MB1 
ENT 0 CLK 


Mnemonic 
NOP 
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Description Bytes Cycles 
Jump to subroutine 2 rd 
Return 1 2 
Return and restore status 1 2 


Description Bytes Cycles 
Clear carry 1 
Complement carry 

CLear flag 0 

Complement flag 0 

Clear flag 1 

Complement flag 1 


Description Bytes Cycles 
Move register to A 1 1 
Move data memory to A 

Move immediate to A 

Move A to register 

Move A to data memory 

Move immediate to register 
Move immediate to data memory 
Move PSW to A 

Move A to PSW 

Exchange A and register 
Exchange A and data memory 
Exchange nibble of A and 
register 

Move external data memory to A 
Move A to external data memory 
Move to A from current page 
Move to A from page 3 


—_~ ot i i KOO ONO OS | OD 
— tot ret OO ND SK | A 


Bytes Cycles 
1 


Description 

Read timer/counter 1 
Load timer/counter 1 
Start timer 1 
Start counter 1 
Stop timer/counter 1 
Enable timer/counter interrupt 1 
Disable timer/counter interrupt 1 


Description Bytes Cycles 
Enable external interrupt 1 
Disable external interrupt 

Select register bank 0 

Select register bank 1 

Select memory bank 0 

Select memory bank 1 

Enable clock output on TO 


Description Bytes Cycles 
No operation 1 1 
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ABSOLUTE MAXIMUM RATINGS* 


*NOTICE: Stresses above those listed under “Absolute 


Ambient Temperature Under Bias ....... 0°C to 70°C Maximum Ratings” may cause permanent damage to the 
Storage Temperature ................ -65°C to +150°C device. This is a stress rating only and functional opera- 
Voltage On Any Pin With Respect tion of device at these or any other conditions above those 

We EONS ace cetiddowe nda emoeoe scenes -0.5V to +7V indicated in the operational sections of this specification 
POW6r DISSIBANION cccicccccs deus sesboncacncas 1.5 Watt is not implied. 


D.C. CHARACTERISTICS (TA = 0°C to 70°C, Vcc = Vpp = 5V + 10%, Vgg = OV) 


Limits 
Parameter ia | me Test Conditions 
Input Low Voltage 
(All Except RESET, X1, X2) 
Vint Input Low Voltage 
(RESET, X1, X2) 
Input High Voltage Vcc 
(All Except XTAL1, XTAL2, RESET) 


Vint | Input Input High Voltage (x1, X2, RESET) | Voltage (X1, X2, Input High Voltage (x1, X2, RESET) | 


fetter es 
VoL | Output Low Voltage (BUS) Low Voltage ( Output Low Voltage (BUS) BS MR 2 A CS lo. = 2. HoL=20mA mA 


a aD Low FH ALE) .45 lol = 1.8 mA 
1 SEN. 


Vou | Vou2 | Output Low Voltage ( Output Low Voltage (PROG) natch i OR oe lo. = 1.0 mA 
VOL3 Output Low Voltage lot = 1.6 mA 
(All Other Outputs) 
VOH | Output High Voltage (BUS) Output High Voltage (BUS) Voltage (BUS) IOH = -400A 
os Output High Voltage IOH = -100A 
(RD, WR, PSEN, ALE) 
Output High Voltage loH =-40uA 
(All Other atanenasee 7 


HA | Vss+ .45<SVINSVCC 


pede Leakage Cierra -500 
(P10-P17, P20-P27, EA, SS) 


BLA Vsst .45<Vin<Vcc 


Yoo Say Cen tf 


— + Total Supply a 
[ele 
RAM /RAM Standby Pin Voltage Pin Voltage |RAM Standby Pin Voltage ss |« 22 | ~~ | 85 |v Standby Mode, Reset <0.6V Standby Mode, Reset Standby Mode, Reset <0.6V_ 6V 


BUS, P1, P2 


Output Leakage Current (BUS, TO) 
al oo Impedance State) 


-500 UA 


TYPICAL 
TYPICAL 


TYPICAL 
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A.C. CHARACTERISTICS (Ta =0°C to 70°C, Vcc = Vpp = 5V + 10%, Vsg = OV) 
Conditions 


8048H 8048H-1 
8035HL-1 
| 11 MHz | 
Parameter (Note 1) 


8035HL 
Min. [Max. [Min. (Max. | Min. [Max._ 
tit [ALE Pulse with ‘| 7R0%cy-170| 410] | 260) | oo] | S| 
(amma a 


me Control Pulse Width 1/2 tcy -200 ha a et 
(RD, WR) 


éG2 [Control Pulse Width (PSER)|2/5 icy -200_| 600 | | 50] | 350! 

ion — [Gu Soup tte WH [ras ay aol -sao | as] seo | 
Ce ee 
‘oR [Data Hold (RO.PSEN) _[vt0tcy-30 | 0 | wo; 0) vo] 0] wo] | 
aot [RO to Datain __——~(aStoy-200 | | soo | sso] | aso) | 
tape _|PSENto Datain _—‘(s/10tqy-200| | 860 | 960] | a0) | 
Taw [Addr Setup tow [2/Stoy-160 | #80] | ooo] | sof | | 
TaD1__ [Addr Setup to Data (AB) [28780 toy -260 | vero ve0|_—*| 70) 
abe [Adar Setup to Data (PSEN) [9/5 icy -250 | | 1250 | 80, | aso) | ——~s 
Marci [Adar Float io ROW |2/tSicy-40 | 200] | aro] | moi | | 
Marca [Adar Fioatto SEN [Ve0icy-40 | #0] | | | | | |_| 
et eee ee ee 


tLAFC2 | ALE to Control (PSEN) 1/10 toy -75 | -75 | 170, | 110) | 


tca1 | Control to ALE Khel toy -40 ot as 
(RD, WR, PROG) 


Control to ALE (PSEN) 4/15 tcy -40 | 320] | 
‘tcp [Port Control Setup to PROG| 1/10 tcy -40 Pee et rt 
feo | Port Control Hold to PROG | 4/15 tcy -200 | 300; = | 160) 


al are cK el 
-120 


pF ___|Input Data Hold from PROG|0tcy | | 80] 0 | wo] o | mo) | 
top [ouput xa soup fasicy vee | woo | [aon aoo | PP 
[Output Data Hold ___—_|WH0tcy 80 | 200] | tao) | | | | 
tpp [PROG Pulse with __|?/10tcy-280| 1800 | vosol | roof | | 
ier —|Pon 210 Saupe LE —faisiey 200] wo] —] 300 [reo] ff 
up [Pon 2vOHold to ALE _[/1Oicy-100/ 160] | 0] | | | | 
tpy [Port Output rom ALE [a/iotcy 100] | @50/ | 660, | si] | 
cy |Cyeletime | «de | mre] Céad 
MopRR |TORepRato__——_—~ismBtcy | soo; | so] | eo] | | 


Notes: 

1. Control Outputs CL = 80pF 
BUS Outputs CL = 150pF 

2. BUS High Impedance Load 20pF 
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WAVEFORMS 


tcy ———— 
ti tLaFC2 - 
t t 
Lastest tans be -— cc1—| CA1 = 


taFCt r. “a tor 
=~ FLOATING 


ADDRESS | taps : INSTRUCTION _ = tap1 


tap2 
Instruction Fetch From External Program Memory Read From External Data Memory 
'LAFC1 


tees - tca1 ~- 


2.0 se 9 2.0 
| iow twp op a> TEST POINTS J, 


BUS FLOATING X ADDRESS X FLOATING FLOATING 
a _ 


Write to External Data Memory Input and Output for A.C.Tests: 


PORT 2 TIMING 


EXPANDER — (pL ——e|<aty pe 
PORT | 


OUTPUT PORT 20-23 DATA | PORT CONTROL OUTPUT DATA 
| 


tpF 
EXPANDER tpr 
PORT 
1 : 
i Cr) Ci) a Ed 
| im | 
ee me 


rr 
| 
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I/O PORT TIMING 


2ND CYCLE 


1ST CYCLE 


P20-23 
PORT 20-23 DATA NEW P20-23 DATA 


P24-27 
P10-17 PORT 24-27, PORT 10-17 DATA NEW PORT DATA 
OUTPUT 


Crystal Oscillator Mode | LC Oscillator Mode 


Cpp = 5-10 pF 
PIN-TO-PIN 
CAPACITANCE 


SpF - 1/2pF > STRAY 5pF 
C2- CRYSTAL: STRAY 8pF L Cc NOMINAL f 
C3 20pF-1pF - STRAY 5pF 45 uH 20pF 5.2 MHz 
120 uH 20pF 3.2 MHz 


EACH C SHOULD BE APPROXIMATELY 20pF, 
INCLUDING STRAY CAPACITANCE 


Driving From External Source 


+5V 


OPEN COLLECTOR 
TTL GATES 
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8048L. 
SPECIAL LOW POWER CONSUMPTION SINGLE 
COMPONENT 8-BIT MICROCOMPUTER 


& Typical Power Consumption 100mW # 1Kx8ROM 
64 x 8 RAM 
& Typical Standby Power 10mW 27 1/0 Lines 


Vpp minimum of 2.2V ; 
@ Interval Timer/Event Counter 


# 8-Bit CPU, ROM, RAM, I/O in Single @ Easily Expandable Memory and I/O 
Package 
= Compatible with 8080/8085 Series 


@ 4.17 usec Instruction Cycle. 


All Instructions 1 or 2 Cycles. Peripherals 


& Two Single Level Interrupts 
@ Over 90 Instructions: 70% Single Byte : is 


The Intel® 8048L is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using 
Intel’s advanced N-channel silicon gate HMOS process, using special techniques to reduce operating and 
standby power consumption. The 8048L contains a 1K X 8 program memory, a 64 X 8 RAM data memory, 
27 I/O lines, and an 8-bit timer/counter in addition to on-board oscillator and clock circuits. For systems that 
require extra Capability the 8048L can be expanded using standard memories and MCS-80®/MCS-85® periph- 
erals. The 8048L can be used with external ROM and RAM. 


To reduce development problems to a minimum and provide maximum flexibility, a logically and functionally 
pin compatible version of the 8048L with UV-erasable user-programmable EPROM program memory is avail- 
able. The 8748 will emulate the 8048L with greater power and other minor differences. 


This microcontroller is designed to be an efficient controller as well as an arithmetic processor. The 8048L has 
extensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of pro- 
gram memory results from an instruction set consisting mostly of single byte instructions and no instructions 
over two bytes in length. 


64 WORDS 
DATA 
MEMORY 


1024 WORDS 
PROGRAM 
MEMORY 


ca 


SINGLE 
STEP READ 


EXTERNAL 
MEM 


reer] 


INTERRUPT 


WRITE 


PROGRAM 
STORE 
ENABLE 


ADDRESS 
LATCH 
ENABLE 


PORT 
EXPANDER 
STROBE 


8 BIT 
TIMER 
EVENT COUNTER 


27 
1/O LINES 


Figure 1. Figure 2. Figure 3. 
8048L Block Diagram 8048L Logic Symbol 8048L Pin Configuration 
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8048L 


PIN DESCRIPTION 


Designation 


PRCG 


P10-P17 
Port 1 
P20-27 
Port 2 


DBO-DB7 
BUS 


TO 


+ 


Pin = 
20 
26 
40 


25 


27-34 


21-24 


35-38 


12-19 


39 


Function 
Circuit GND potential 
Low power standby pin 


Main power supply; +5V 
during operation. 


Output strobe for 8243 I/O 
expander. 


8-bit quasi-bidirectional 
port. 

8-bit quasi-bidirectional 
port. 

P20-P23 contain the four 
high order program counter 
bits during an external pro- 
gram memory fetch and 
serve as a 4-bit |/O expander 
bus for 8243. 


True bidirectional port 
which can be written or read 
synchronously using the 
RD, WR strobes. The port 
can also be statically 
latched. 


Contains the 8 low order 
program counter bits during 
an external program 
memory fetch, and receives 
the addressed instruction 
under the control of PSEN. 
Also contains the address 
and data during an external 
RAM data store instruction, 
under control of ALE, RD, 
and WR. 


Input pin testable using the 
conditional transfer in- 
structions JTO and JNTO. TO 
can be designated as a clock 
output using ENTO CLK 
instruction. 


Input pin testable using the 
JT1, and JNT1 instructions. 
Can be designated the 
timer/counter input using 
the STRT CNT instruction. 


Interrupt input. Initiates an 
interrupt if interrupt is 
enabled. Interrupt is dis- 
abled after a reset. Also 


Designation 


ALE 


EA 


XTAL1 


XTAL2 
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10 


11 
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Function 


testable with conditional 
jump instruction. 
(Active low) 


Output strobe activated 

during a BUS read. Can be 
used to enable data onto the 
bus from an external device. 


Used as a read strobe to 
external data memory. 
(Active low) 


Input which is used to 
initialize the processor. 
(Active low) 

(Non TTL Vjp) 


Output strobe during a bus 
write. (Active low) 


Used as write strobe to 
external data memory. 


Address latch enable. This 
signal occurs once during 
each cycle and is useful as a 
clock output. 


The negative edge of ALE 
strobes address into ex- 
ternal data and program 
memory. 


Program store enable. This 
Output occurs only during a 
fetch to external program 
memory. (Active low) 


Single step input can be 
used in conjunction with 
ALE to “single step” the 
processor through each 
instruction. (Active low) 


External access input which 
forces all program memory 
fetches to reference external 
memory. Useful for emula- 
tion and debug, and 
essential for testing and 
program verification. 
(Active high) 


One side of crystal input for 
internal oscillator. Also 
input for external source. 
(Non TTL Vip) 


Other side of crystal input. 
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INSTRUCTION SET 


Accumulator 


Mnemonic 
ADD A, R 
ADD A, @R 
ADD A, # data 
ADDC A, R 
ADDC A, @R 


Description 

Add register to A 

Add data memory to A 
Add immediate to A 
Add register with carry 


Add data memory with carry 


ADDC A, # data Add immediate with carry 


ANL A, R 
ANL A, @R 
ANL A, # data 
ORL A, R 
ORL A @R 
ORL A, # data 
XRL A, R 

XRL A, @R 
XRL, A, # data 
INCA 

DEC A 
CLRA 

CPLA 

DAA 

SWAP A 
RLA 

RLC A 

RRA 

RRC A 


Input/Output 


Mnemonic 

IN A, P 
OUTL P,A 
ANL P, # data 
ORL P, # data 
INS A, BUS 
OUTL BUS, A 


And register to A 

And data memory to A 
And immediate to A 

Or register to A 

Or data memory to A 

Or immediate to A 
Exclusive or register to A 


Exclusive or data memory to A 
Exclusive or immediate to A 


Increment A 

Decrement A 

Clear A 

Complement A 

Decimal adjust A 

Swap nibbles of A 

Rotate A left 

Rotate A left through carry 
Rotate A right 


Rotate A right through carry 


Description 

Input port to A 
Output A to port 

And immediate to port 
Or immediate to port 
Input BUS to A 
Output A to BUS 


ANL BUS, # data And immediate to BUS 
ORL BUS, # data Or immediate to BUS 


MOVD A,P 
MOVD P, A 
ANLD P, A 
ORLD P, A 


Registers 


Mnemonic 
INC R 
INC @R 
DEC R 


Branch 


Mnemonic 
JMP addr 
JMPP @A 
DJNZ R, addr 
JC addr 
JNC addr 
JZ addr 
JNZ addr 
JTO addr 
JNTO addr 
JT1 addr 
JNT1 addr 
JFO addr 
JF1 addr 
JTF addr 
JN1 addr 
JBb addr 


Input expander port to A 
Output A to expander port 
And A to expander port 
Or A to expander port 


Description 

Increment register 
Increment data memory 
Decrement register 


Description 
Jump unconditional 
Jump indirect 


Decrement register and skip 


Jump on carry = 1 
Jump on carry = 0 
Jump on A zero 
Jump on A not zero 
Jump on TO = 1 
Jump on TO = 0 
Jump on T1 = 1 
Jump on T1 =0 
Jump on FO = 1 
Jump on Fi1= 1 
Jump on timer flag 
Jump on INT = 0 
Jump on accumulator bit 


Bytes Cycles 
1 1 


1 
2 
1 
1 
2 
1 
1 
2 
1 
1 
2 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


no nn a Oi a 2 om a 2. om a an. ma % 


Bytes Cycles 
1 2 


— — «| =« AJ A — = AA — 
NNONMNNONNNNN ND MY 


Bytes Cycles 
1 1 
1 1 
1 1 


Bytes Cycles 
2 2 


NMNNONNNYNNNNNNNNNN = 
MONMONMDNDDNMONNNANNNNNN NM YY 
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Subroutine 


Mnemonic 
CALL addr 
RET 

RETR 


Flags 


Mnemonic 
CLR C 
CPL C 
CLR FO 
CPL FO 
CLR F1 
CPL F1 


Data Moves 


Mnemonic 
MOV A, R 
MOV A, @R 
MOV A, # data 
MOV R,A 
MOV @R,A 
MOV R, # data 


MOV @R, #data 


MOV A, PSW 
MOV PSW, A 
XCH A, R 
XCH A, @R 
XCHD A, @R 


MOVX A, @R 
MOVX @R, A 
MOVP A, @A 
MOVP3 A, @ 


Timer/Counter 


Mnemonic 
MOV A, T 
MOV T,A 
STRT T 
STRT CNT 
STOP TCNT 
EN TCNTI 
DIS TCNTI 


Control 


Mnemonic 
EN 1 

DIS 1 

SEL RBO 
SEL RB1 
SEL MBO 
SEL MB1 
ENT 0 CLK 


Mnemonic 
NOP 


PRELIMINARY 


Description 

Jump to subroutine 
Return 

Return and restore status 


Description 

Clear carry 
Complement carry 
CLear flag 0 
Complement flag 0 
Clear flag 1 
Complement flag 1 


Description 

Move register to A 
Move data memory to A 
Move immediate to A 
Move A to register 
Move A to data memory 


Move immediate to register 
Move immediate to data memory 


Move PSW to A 
Move A to PSW 
Exchange A and register 


Exchange A and data memory 


Exchange nibble of A and 
register 


Move external data memory toA 
Move A to external data memory 
Move to A from current page 


Move to A from page 3 


Description 

Read timer/counter 
Load timer/counter 
Start timer 

Start counter 

Stop timer/counter 


Enable timer/counter interrupt 
Disable timer/counter interrupt 


Description 

Enable external interrupt 
Disable external interrupt 
Select register bank 0 
Select register bank 1 
Select memory bank 0 
Select memory bank 1 
Enable clock output on TO 


Description 
No operation 


Bytes Cycies 
2 2 
1 2 
1 2 


Bytes Cycles 
1 1 


Bytes Cycles 
1 1 


—- ss oe oe Ss ANY | |=“ Hw 
—_= | OO OPO OS Ss KO 


Bytes Cycies 
1 


1 
1 
1 
1 
1 
1 
1 


Bytes Cycles 
1 


Bytes Cycles 
1 1 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias ....... 0°C to 70°C 
Storage Temperature ............... -65°C to + 125°C 
Voltage On Any Pin With Respect 

1G CeO ko ee ntne td ccueaynesauw enwes -0.5V to +7V 
PowWer DISSIOAUON saan scxcnse coveansaunan on 1.5 Watt 


* COMMENT Stresses above those listed under “Abso- 
lute Maximum Ratings" may cause permanent damage to 
the device. This is a stress rating only and functional 
operation of device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. 


D.C. AND OPERATING CHARACTERISTICS TA = 0°C to 70°C, VCC = VDD = 5V+10%, VSS = OV 


Symbol Parameter 
Vib Input Low Voltage 
(All Except RESET, X1, X2) 
Vind Input Low Voltage 


(RESET, X1, X2) 


ae 
Test Conditions 


Input High Voltage 2.0 Voc 
(All Except XTAL1, XTAL2, RESET) 


Vint | Input High Voltage (X1, X2, RESET) sami 


VOL Output Low Voltage (BUS) 


Vout Output Low Voltage 
(RD, WR, PSEN, ALE) 


VoL3 Output Low Voltage 45 lol = 1.6 mA 
(All Other Outputs) 


VOH | Output High Voltage (BUS) High | Output High Voltage (BUS) (BUS) 


ee ion = #00 


VoH1 Output High Voltage 2.4 IOH = -100 WA 
(RD, WR, PSEN, ALE) 

VOoH2 Output High Voltage 2.4 IOH =-40 HA 
(All Other Outputs) 


ly Input | Input Leakage Current (T1, INT) __ Current (T1, INT) 


ly Input Leakage Current __ 
(P10-P17, P20-P27, EA, SS) 


eee Veg <n < Voc 


Output Leakage Current (BUS, TO) +10 | MA} Vggt 45<Vin<Voco 
(High Impedance State) 
‘DD _ Vpp Supply Current | | ee 


| 
=e 


Ram | Ram Standby Pin Voltage Pin | Ram Standby Pin Voltage 


A 
TYPICAL 


TYPICAL 


p22 | | 55 |v Standby Mode, Reset<0.6V 


BUS, P1, P2 


TYPICAL 


AFN-01591A -04 


intal — PRELIMINARY 


A.C. CHARACTERISTICS (PORT 2 TIMING) 
Ty = 0°C to 70°C, Vag = 5V + 10%, Voc = OV 
TCY = 4.17 uS 


tcp Port Control Setup Before Falling 185 
Edge of PROG 

tpc Port Control Hold After Falling 160 
Edge of PROG 


tLp Port 2 I/O Data Hold 


PORT 2 TIMING 


——_— ica — 


EXPANDER {PL —|<4t_ p> top tpp 
PORT | | 


f | 
OUTPUT | PORT 20 3 DATA | PORT CONTROL OUTPUT DATA | 
. | 


EXPANDER 
PORT 
INPUT 


he— tcp = 


BUS TIMING AS A FUNCTION OF TCY * 
| SYMBOL | FUNCTION OF TCY | 


Trp (1) :RD__ 
Trp (2) : PSEN 
RD 


Tap (1) : 

Tap (2) : PSEN 
TaFc (1): RD 
TaFc (2): PSEN _ 
Toa (1) : RD, WR 


* APPROXIMATE VALUES NOT INCLUDING GATE DELAYS. Toa (2) | 2/15 TCA (2) : PSEN 


Toc (1) : RD/WR 
Toc (2) : PSEN 
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WAVEFORMS 


toy —_—___+ 
Were 
ALE | | | | 
tarcl—Toc—= TCA a -—'co—>| 'CA = 


tarc = (oR 
| FLOATING 
FLOATING FLOATING i 2 FLOATING BUS FLOATING ADDRESS ( | Koata } FLOATING 


ADDRESS | tap INSTRUCTION MtRD> 
. | __. ro 
len AD 


Instruction Fetch From External Program Memory Read From External Data Memory 


ALE | | | | 
+ —tcc - 'CA ~ - 


9 2.0 


gga EST POINTS Sao.8 


| 'pw- —'wo 0. 
BUS FLOATING XKADDRESS X FLOATING KX DATA FLOATING 


taw = 


Write to External Data Memory Input and Output for A.C.Tests. 


A.C. CHARACTERISTICS 7, = 0°C to 70°C, Vog = Vop = SV + 10%, Vag = OV 


Symbol Parameter hac we Conditions (Note 1) 


tap Address Setup to Data In | «| 1450 | ns | 
tarc Address Float to RD, PSEN | of |ons | 


Note 1: Control outputs: Cc, = 80 pF 
BUS Outputs: Cc. = 150 pF 


AFN-01591A-06 
5-50 


intel my PRELIMINARY 


C1 = 5pF + 1/2pF + STRAY < 5pF 
C2 = CRYSTAL + STRAY < 8pF 
C3 = 20pF + 1pF + STRAY < 5pF 


CRYSTAL SERIES RESISTANCE SHOULD BE LESS THAN 752 AT 6 MHz LESS THAN 18022 AT 3.6MHz 


LC OSCILLATOR MODE 


L fe NOMINAL 1 
45pH = 20pF 5.2 MHz 
120pH_ —-20pF 3.2 MHz 


Cpp = 5-10 pF PIN TO PIN 
XTAL2 CAPACITANCE 


EACH C SHOULD BE APPROXIAMTELY 20pF. INCLUDING STRAY CAPACITANCE 


DRIVING FROM EXTERNAL SOURCE 


XTAL 1 MUST BE HIGH 35-65% OF THE PERIOD AND XTAL 2 MUST BE HIGH 35-65% OF THE 
PERIOD. RISE AND FALL TIMES MUST NOT EXCEED 20ns. 
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8049H/8039HL 


HMOS SINGLE COMPONENT 8-BIT MICROCOMPUTER 


= 8049H Mask Programmable ROM 
= 8039HL CPU Only with Power Down Mode 


= 8-BIT CPU, ROM, RAM, I/O in Single = 1K x 8 ROM 
Package 64 x 8 RAM 
27 |/O Lines 


@ High Performance HMOS 


@ Interval Timer/Event Counter 
™ Reduced Power Consumption 


= Easily Expandable Memory and I/O 
m@ 1.4 usec and 1.9 psec Cycle Versions 


All Instructions 1 or 2 Cycles. = Compatible with 8080/8085 Series 


Peripherals 
@ Over 90 instructions: 70% Single Byte 


& Two Single Level Interrupts 


The Intel® 8049H/8039HL are totally self-sufficient, 8-bit parallel computers fabricated on single silicon chips 
using Intel’s advanced N-channel silicon gate HMOS process. 

The 8049H contains a 2K X 8 program memory, a 128 X 8 RAM data memory, 27 I/O lines, and an 8-bit 
timer/counter in addition to on-board oscillator and clock circuits. For systems that require extra capability 
the 8049H can be expanded using standard memories and MCS-80®/MCS-85® peripherals. The 8039HL is 
the equivalent of the 8049H without program memory and can be used with external ROM and RAM. 

To reduce development problems to a minimum and provide maximum flexibility, alogically and functionally 
pin compatible version of the 8049H with UV-erasable user-programmable EPROM program memory will 
soon be available. The 8749 will emulate the 8049H up to 1 MHz clock frequency with minor differences. 


The 8049H is fully compatible with the 8049. 


These microcomputers are designed to be efficient controllers as well as arithmetic processors. They have 
extensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of 
program memory results from an instruction set consisting mostly of single byte instructions and no 
instructions over 2 bytes in length. 


2048 WORDS 
PROGRAM 
MEMORY 


128 WORDS 
DATA 
MEMORY 


XTAL | 


SINGLE 
STEP READ 


EXTERNAL 
MEM 


resr | 


INTERRUPT 


8049H 
8 8039HL 


WRITE 


PROGRAM 
STORE 
ENABLE 


ADDRESS 
LATCH 
ENABLE 


EVENT COUNTER 


27 
1/O LINES 


Figure 1. Figure 2. Figure 3. 
Block Diagram Logic Symbol Pin Configuration 


BUS PORT 


EXPANDER 
STROBE 
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PROG 


P10-P17 
Port 1 


P20-P27 
Port 2 


DBO-DB7 
BUS 
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Table 1. Pin Description 


Circuit GND potential 
Low power standby pin 


Main power supply; +5V during 
operation. 


Output strobe for 8243 |/O 
expander. 


8-bit quasi-bidirectional port. 
8-bit quasi-bidirectional port. 


P20-P23 contain the four high 
order program counter bits dur- 
ing an external program memory 
fetch and serve as a 4-bit I/O 
expander bus for 8243. 


True bidirectional port which 
can be written orread — 
synchronously using the RD, WR 
strobes. The port can also be 
statically latched. 


Contains the 8 low order pro- 
gram counter bits during an 
external program memory fetch, 
and receives the addressed 
instruction under the control of 
PSEN. Also contains the address 
and data during an external RAM 
data store instruction, under 
control of ALE, RD, and WR. 


Input pin testable using the 
conditional transfer instructions 
JTO and JNTO. TO can be 
designated as a clock output 
using ENTO CLK instruction. 


Input pin testable using the JT1, 
and JNT1 instructions. Can be 
designated the timer/counter 
input using the STRT CNT 
instruction. 


Interrupt input. Initiates an 
interrupt if interrupt is enabled. 
Interrupt is disabled after a reset. 
Also testable with conditional 
jump instruction. (Active low) 


PRELIMINARY 


Output strobe activated during a 
BUS read. Can be used to enable 
data onto the bus from an 
external device. 


Used as a read strobe to external 
data memory. (Active low) 


Input which is used to initialize 
the processor. (Active low) 
(Non TTL Vj) 


Output strobe during a bus write. 
(Active low) 


Used as write strobe to external 
data memory. 


Address latch enable. This signal 
occurs once during each cycle 
and is useful as a clock output. 


The negative edge of ALE strobes 
address into external data and 
program memory. 


Program store enable. This out- 
put occurs only during a fetch to 
external program memory. 
(Active low) 


Single step input can be used 

in conjunction with ALE to “single 
step” the processor through each 
instruction. (Active low) 


External access input which 
forces all program memory 
fetches to reference external 
memory. Useful for emulation 
and debug, and essential for 
testing and program verification. 
(Active high) 


One side of crystal input for 
internal oscillator. Also input for 
external source. (Non TTL Vj,4) 


Other side of crystal input. 
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Accumulator 


Mnemonic 
ADD A, R 
ADD A, @R 
ADD A, # data 
ADDC A, R 
ADDC A, @R 


Description 

Add register to A 

Add data memory to A 
Add immediate to A 
Add register with carry 


Add data memory with carry 


ADDC A, # data Add immediate with carry 


ANL A, R 
ANL A, @R 
ANL A, # data 
ORL A, R 
ORL A @R 
ORL A, # data 
XRL A, R 

XRL A, @R 
XRL, A, # data 
INCA 

DEC A 

CLRA 

CPLA 

DAA 

SWAP A 

RLA 

RLC A 

RRA 

RRC A 


Input/Output 


Mnemonic 

IN A, P 
OUTLP,A 
ANL P, # data 
ORL P, # data 
INS A, BUS 
OUTL BUS, A 


And register to A 

And data memory to A 
And immediate to A 

Or register to A 

Or data memory to A 

Or immediate to A 
Exclusive or register to A 


Exclusive or data memory to A 
Exclusive or immediate to A 


Increment A 
Decrement A 
Clear A 
Complement A 
Decimal adjust A 
Swap nibbles of A 
Rotate A left 


Rotate A left through carry 


Rotate A right 


Rotate A right through carry 


Description 

Input port to A 
Output A to port 

And immediate to port 
Or immediate to port 
Input BUS to A 
Output A to BUS 


ANL BUS, # data And immediate to BUS 
ORL BUS, # data Or immediate to BUS 


MOVD A,P 
MOVD P, A 
ANLD P,A 
ORLD P, A 


Mnemonic 
INC R 
INC @R 
DEC R 


Branch 


Mnemonic 
JMP addr 
JMPP @A 
DJNZ R, addr 
JC addr 
JNC addr 
JZ addr 
JNZ addr 
JTO addr 
JNTO addr 
JT1 addr 
JNT1 addr 
JFO addr 
JF1 addr 
JTF addr 
JN1 addr 
JBb addr 


input expander port to A 
Output A to expander port 
And A to expander port 
Or A to expander port 


Description 

Increment register 
Increment data memory 
Decrement register 


Description 
Jump unconditional 
Jump indirect 


Decrement register and skip 


Jump on carry = 1 
Jump on carry = 0 
Jump on A zero 
Jump on A not zero 
Jump on TO = 1 
Jump on TO =0 
Jump on T1 = 1 
Jump on T1 =0 
Jump on FO = 1 
Jump on Fi = 1 
Jump on timer flag 
Jump on INT = 0 
Jump on accumulator bit 


8049H/8039HL 


Table 2. Instruction Set 


Bytes Cycles 
1 1 


iat iat ast at et AQ SH S| A S| | A | | A | | A — 
—~ oat ot it ot OAD SH Ss AQ SK =| AD | | A S| | A 


Bytes Cycles 
1 2 


1 2 
2 4 
2 2 
1 2 
1 2 
2 2 
2 2 
1 2 
1 2 
1 2 
1 2 


Bytes Cycies 
1 1 
1 1 
1 1 


Bytes Cycies 
2 2 


NMNNMONONMNANNNNNNNNNND — 
NMNNMONMNNADNNNNN NNN N NY 
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Subroutine 


Mnemonic 
CALL addr 
RETR 
RETR 


Flags 


Mnemonic 
CLR C 
CPL C 
CLR FO 
CPL FO 
CLR F1 
CPL F1 


Data Moves 


Mnemonic 
MOV A, R 
MOV A, @R 
MOV A, # data 
MOV R, A 
MOV @R, A 
MOV R, # data 


MOV @R, #data 


MOV A, PSW 
MOV PSW, A 
XCH A, R 
XCH A, @R 
XCHD A, @R 


MOVX A, @R 
MOVX @R, A 
MOVP A, @A 
MOVP3 A, @ 


Timer/Counter 


Mnemonic 
MOV A, T 
MOV T,A 
STRT T 
STRT CNT 
STOP TCNT 
EN TCNT1 
DIS TCNT1 


Control 


Mnemonic 
EN 1 

DIS 1 

SEL RBO 
SEL RB1 
SEL MBO 
SEL MB1 
ENT 0 CLK 


Mnemonic 
NOP 


PRELIMINARY 


Description 

Jump to subroutine 
Return 

Return and restore status 


Description 

Clear carry 
Complement carry 
CLear flag 0 
Complement flag 0 
Clear flag 1 
Complement flag 1 


Description 

Move register to A 
Move data memory to A 
Move immediate to A 
Move A to register 
Move A to data memory 


Move immediate to register 
Move immediate to data memory 


Move PSW to A 
Move A to PSW 
Exchange A and register 


Exchange A and data memory 


Exchange nibble of A and 
register 


Move external data memory to A 
Move A to external data memory 
Move to A from current page 


Move to A from page 3 


Description 

Read timer/counter 
Load timer/counter 
Start timer 

Start counter 

Stop timer/counter 


Enable timer/counter interrupt 
Disable timer/counter interrupt 


Description 

Enabie external interrupt 
Disable external interrupt 
Select register bank 0 
Select register bank 1 
Select memory bank 0 
Select memory bank 1 
Enable clock output on TO 


Description 
No operation 


Bytes Cycles 
1 1 


Bytes Cycles 
1 1 


—~ st iat OOD S| S| A 
Ne ee ee ee ee ee ae 


ee ae a 
mM —M NM MP 


Bytes Cycles 


1 


1 
1 
1 
1 
1 
1 
1 


Bytes Cycles 


1 1 


: 
1 
; 
1 
1 
1 


Bytes Cycles 


1 1 
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“NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias ....... 0°C to 70°C solace : 

Storage Temperature .............. -65°C to + 150°C device. This is a stress rating only and functional opera- 

Voltage On Any Pin With Respect tion of device at these or any other conditions above those 
16 GYOURE. = bicncocccoine acc ed aneeoecens -0.5V to +7V indicated in the operational sections of this specification 

Power Dissipation ............0cceeeeeeeeues 1.5 Watt is not implied. 


D.C. CHARACTERISTICS (TA =0°C to 70°C, Vcc = Vpp = 5V + 10%, Vss = OV) 


Limits 


Parameter 


Input Low Voltage 
(All Except RESET, X1, X2) 


Input Low Voltage 
(RESET, X1, X2) 


ViH Input High Voltage 2.0 
(All Except XTAL1, XTAL2, RESET) 
Vin4 Input High Voltage (X1, X2, RESET) 3.8 


a | 
on on 


= = 
3 r 


VOL Output Low Voltage (BUS) 


VOL1 Output Low Voltage 
(RD, WR, PSEN, ALE) 


VoL2 Output Low Voltage (PROG) 
VOL3 Output Low Voltage 
(All Other Outputs) 
VOH Output High Voltage (BUS) 2.4 
VOH1 Output High Voltage 
(RD, WR, PSEN, ALE) 
VOH2 Output High Voltage 
(All Other Outputs) 
4 Input Leakage Current (T1, INT) 


ld Input Leakage Current 


(P10-P17, P20-P27, EA, SS) 


Output Leakage Current (BUS, TO) 
(High Impedance State) 


— 
oO 


IDD + 


|'cc 


Vop Supply Current 


Total Supply Current 


'OH 
1OH 


us 
Vv 2v 4V 
VoH 


-50 mA -500 UA 
-30 mA -300 wu 
TYPICAL 
TYPICAL 
-10 mA -100 WA 
0 


lot = 1.6 mA 
loH=-400 HA 


+10 KA Vsst+ -45<Vin <Voc 
~ C 


- 


50 mA 


e2) 
=) 


uo < 
3S 


BUS, P1, P2 


30 mA TYPICAL 


ov 2V 4v 
Vou 
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A.C. CHARACTERISTICS (ty, =0°C to 70°C, Voc = Vpp = 5V + 10%, Vgg = OV) 


f (tcy) | 44MHz Conditions 
Sy Pl oma 
7-7 13/30 toy -200 390 
D 
R 


t 
t 
t 


g 


(Note 2) 


Data Hold after WR 1/5 toy -150 
Data Hold (RD, PSEN 1/10 toy -30 | 0 
( 


LL 
A 
LA 
D 
tw 
tp 


) 
) 
Addr Setup to Data (RD) 23/30 toy -250 a 
SEN) 


w 
Oo 
oO 


Ei 
ye) 
oO 
N ine) — 

on a soni 


BSS 
oo 
oO 


Addr Setup to Data (P 3/5 toy -250 3 
Addr Float to RD, WR 2/15 toy -40 140 
tarc2 | Addr Float to PSEN 1/30 tey -40 
ALE to Control, (RD, WR) 1/5 toy -75 | 200 | 
tL AFC2 | ALE to Control (PSEN) 1/10 toy -75 | 60 
Control to ALE (RD, WR, PROG) 1/15 toy -40 

Control to ALE (PSEN) 4/15 toy -40 


cp Port Control Setup to PROG 1/10 toy -40 


> [> [> » |\D 
n lO 1/0 0 |0 
O he) —_ ine) —_ 


ail 
oO 


8 
=) 
on ak; 
— .— 
oS Oo 


wo 
ye) 
oO 


row tey a 
= 1S - 
QO 


onal 


ana 


PC Port Control Hold to PROG 4/15 toy -200 


PROG to P2 Input Valid 17/30 toy -120 


1/10 tcy 


Input Data Hold from PROG 


Cro 
Notes: 


1. Control Outputs CL = 80pF 2. BUS High Impedance Load 20pF 3. Calculated values will be equal 
BUS Outputs CL = 150pF to or better than published 8049 values. 
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tPF 
tpp 
tPL 
‘Lp 
tpy 
‘oy 


” 


3/15 toy 


fo) 
vU 
Bs) 
D 
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WAVEFORMS 


toy —— 
ti TLAFC2 _ 


ae tCA1 L 
an me a 


BUS FLOATING . a FLOATING Es FLOATING BUS FLOATING YADDRESS ( | Xara } FLOATING 
ADDRESS —|_—_i25) »| INSTRUCTION | leas 


t 
taD2 AD1 


Instruction Fetch From External Program Memory Read From External Data Memory 


oad TLAFC1 _ 
ALE | | 
—tec1—a| tca1 - 


2.0 


2.0 ~~ 
a TEST POINTS Sao8 


| tow i —two 0.8 


BUS FLOATING (ADDRESS) FLOATING FLOATING 
dl 


Write to External Data Memory Input and Output for A.C. Tests 


PORT 2 EXPANDER TIMING 


EXPANDER {PL —w|-n tt top tp 
PORT “| — 
) OUT 


| 
OUTPUT PORT 20-23 DATA | PORT CONTROL PUT DATA 


| 


(pF 
EXPANDER tpr 
PORT 
! 
s | d | 
L tcp 7 


rp 
| 
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I/O PORT TIMING 


1ST CYCLE 2ND CYCLE 


P20-23 
. i A 


P24-27 
P10-17 PORT 24-27, PORT 10-17 DATA NEW PORT DATA 


OUTPUT 


DRIVING FROM 
EXTERNAL SOURCE 


OSCILLATOR MODE LC OSCILLATOR MODE 


Cpp ~ 5-10 pF 
PIN-TO-PIN 
XTAL2 CAPACITANCE 


OPEN 
C1 = 5pF + 1/2pF+ STRAY 5pF COLLECTOR 
Cc NOMINAL 1 TTL GATES 


C2 = CRYSTAL + STRAY < 8pF 
C3 = 20pF + 1pF + STRAY < SpF 45 uH 20pF 5.2 MHz 
120 .H 20pF 3.2 MHz 


FOR THE 8048, XTAL1 MUST BE HIGH 
35-65% OF THE PERIOD AND XTAL2 
MUST BE HIGH 35-65% OF THE PERIOD. 


EACH C SHOULD BE APPROXIMATELY 20pF, 


CRYSTAL SERIES RESISTANCE SHOULD 
INCLUDING STRAY CAPACITANCE. 


BE LESS THAN 75 {2} AT 6MHz; LESS THAN 
180 (2 AT 3.6MHz. 


RISE AND FALL TIMES MUST 
NOT EXCEED 20ns. 
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8243 
MCS-48® INPUT/OUTPUT EXPANDER 
@ Low Cost @ 24-Pin DIP 
&@ Simple Interface to MCS-48® @ Single 5V Supply 
Microcomputers @ High Output Drive 
@ Four 4-Bit I/O Ports @ Direct Extension of Resident 8048 I/O 
@ AND and OR Directly to Ports Ports 


The Intel® 8243 is an input/output expander designed specifically to provide a low cost means of |/O 
expansion for the MCS-48® family of single chip microcomputers. Fabricated in 5 volts NMOS, the 8243 
combines low cost, single supply voltage and high drive current capability. 


The 8243 consists of four 4-bit bidirectional static |/O ports and one 4-bit port which serves as an interface to 
the MCS-48 microcomputers. The 4-bit interface requires that only 4 I/O lines of the 8048 be used for I/O 
expansion, and also allows multiple 8243’s to be added to the same bus. 


The 1/O ports of the 8243 serve as a direct extension of the resident I/O facilities of the MCS-48 microcomputers 
and are accessed by their own MOV, ANL, and ORL instructions. 


PORT 4 


ADDRESS 
DECODER 


PORT 5 


1 
2 
3 
4 
5 
6 
7 
8 
9 


PORT 6 


_ 
i=) 


PORT 7 


Figure 2. 8243 
Pin Configuration 


BUFFER 


Figure 1. 8243 
Block Diagram 
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Table 1. Pin Description 


Clock Input. A high to low transi- 
tion on PROG signifies that ad- 
dress and control are available on 
P20-P23, and a low to high transi- 
tion signifies that data is available 
on P20-P23. 


Chip Select Input. A high on CS 
inhibits any change of output or 
internal status. 


Four (4) bit bi-directional port con- 
tains the address and control bits 
on a high to low transition of 
PROG. During a low to high tran- 


sition contains the data for a sel- 
ected output port if a write opera- 
tion, or the data from a selected 
port before the low to high transi- 
tion if a read operation. 

GND 0 volt supply. 

P40-P43 Four (4) bit bi-directional I/O ports. 

P50-P53 May be programmed to be input 

P60-P63 (during read), low impedance 

P70-P73 latched output (after write), or a tri- 
state (after read). Data on pins 
P20-P23 may be directly written, 
ANDed or ORed with previous 
data. 


+5 volt supply. 


FUNCTIONAL DESCRIPTION 


General Operation 


The 8243 contains four 4-bit |/O ports which serve 
as an extension of the on-chip I/O and are ad- 
dressed as ports 4-7. The following operations may 
be performed on these ports: 


e Transfer Accumulator to Port. 
e Transfer Port to Accumulator. 
e AND Accumulator to Port. 

@e OR Accumulator to Port. 


All communication between the 8048 and the 8243 
occurs over Port 2 (P20-P23) with timing provided 
by an output pulse on the PROG pin of the proces- 
sor. Each transfer consists of two 4-bit nibbles: 


The first containing the “op code” and port address 
and the second containing the actual 4-bits of data. 
A high to low transition of the PROG line indicates 
that address is present while a low to high transition 
indicates the presence of data. Additional 8243's 
may be added to the 4-bit bus and chip selected 
using additional output lines from the 8048/8748/ 
8035. 


8243 


Power On Initialization 


Initial application of power to the device forces 
input/output ports 4, 5, 6, and 7 to the tri-state and 
port 2 to the input mode. The PROG pin may be 
either high or low when power is applied. The first 
high to low transition of PROG causes device to 
exit power on mode. The power on sequence is 
initiated if VCC drops below 1V. 


Address Instruction 
P21 P20 Code P23 P22 Code 
0 0 Port 4 0 0 Read 
0 1 Port 5 0 1 Write 
1 0 Port 6 1 0 ORLD 
1 1 Port 7 1 1 ANLD 


Write Modes 


The device has three write modes. MOVD Pi, A dir- 
ectly writes new data into the selected port and old 
data is lost. ORLD Pi, A takes new data, OR’s it with 
the old data and then writes it to the port. ANLD Pi, A 
takes new data, AND’s it with the old data and then 
writes it to the port. Operation code and port ad- 
dress are latched from the input port 2 on the high 
to low transition of the PROG pin. On the lowto high 
transition of PROG data on port 2 is transferred to 
the logic block of the specified output port. 


After the logic manipulation is performed, the data 
is latched and outputed. The old data remains 
latched until new valid outputs are entered. 


Read Mode 


The device has one read mode. The operation code 
and port address are latched from the input port 2 on 
the high to low transition of the PROG pin. As soon 
as the read operation and port address are decoded, 
the appropriate outputs are tri-stated, and the input 
buffers switched on. The read operation is termina- 
ted by alow to high transition of the PROG pin. The 
port (4, 5, 6 or 7) that was selected is switched to the 
tri-stated mode while port 2 is returned to the input 
mode. 


Normally, a port will be in an output (write mode) or 
input (read mode). If modes are changed during 
operation, the first read following a write should 
be ignored; all following reads are valid. This is to 
allow the external driver on the port to settle after 
the first read instruction removes the low imped- 
ance drive from the 8243 output. A read of any port 
will leave that port in a high impedance state. 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias ........ 0°C to 70°C 
Storage Temperature ............... -65°C to +150°C 
Voltage on Any Pin 

With Respect to Ground .............. -0.5Vto+7V 
POWG! DISSIBANON cons ne ccs sane wasencnannveed 1 Watt 


8243 


"NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS Ty, =0°C to 70°C, Veo =5V 10% 


Input Leakage Port 2, CS, PROG 
ICC 


IOL Sum of all |IOL from 16 Outputs 


“See following graph for additional sink current capability 


A.C. CHARACTERISTICS Ta =0°C to 70°C, Veg =5V 10% 


[Symbol_[ ‘Parameter 
Code Valid Before PROG 


Code Valid After PROG 


Data Valid Before PROG 


PROG Negative Puise Width 
CS Valid Before/After PROG 


| tpo _|__ Ports 4-7 Valid After PROG 
Ports 4-7 Valid Before/After PROG 


Port 2 Valid After PROG 


2.4 


2.0 


0.8 


0.45 
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| tp | Data Valid After PROG | 20 | 
| tH | Floating After PROG 1 0 | 150 


2.0 
> TEST POINTS < 
0.8 


[Units [Test Conditions 
re ee a 
[ns [20 pF Load 
[ns | 0 pFLoad 
[ns [20 pFoad 
[ns | 20 pF Load 
ns 
[ns 
ns 
[ns 
Tne | 


100 pF Load 


80 pF Load 
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WAVEFORMS 


OUTPUT 
VALID 


PORTS 4-7 PREVIOUS OUTPUT VALID 


. et ae d 
PORTS 4-7 INPUT VALID 


ar 
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GUARANTEED WORST CASE 
CURRENT SINKING CAPABILITIES 
OF ANY I/O PORT PIN vs. TOTAL 
SINK CURRENT OF ALL PINS 


< 
E 
pe 
2 
zt 
- 
r 4 
3) 
«x 
x 
= 
6) 
x 
z 
77) 
< 
be 
°o 
= 


4 5 6 7 8 9 


MAXIMUM SINK CURRENT ON ANY PIN @ .45V 
(MAXIMUM IOL WORST CASE PIN (mA) 


Figure 3 


Example: This example shows how the use of the 20 mA 


Sink Capability 


The 8243 can sink 5 mA @ .45V on each of its 16 1/O 
lines simultaneously. If, however, all lines are not 
sinking simultaneously or all lines are not fully 
loaded, the drive capability of any individual line 
increases as is shown by the accompanying curve. 


For example, if only 5 of the 16 lines are to sink 
current at one time, the curve shows that each of 
those 5 lines is capable of sinking 9 mA @ .45V (if 
any lines are-to sink 9 mA the total |OL must not 
exceed 45 mA or five 9 mA loads). 


Example: How many pins can drive 5 TTL loads (1.6 mA) 
assuming remaining pins are unloaded? 


lIOL=5x1.6mMmA=8mMA 
elOL = 60 mA from curve 
# pins = 60 mA +8 mA/pin = 7.5 =7 


In this case, 7 lines can sink 8 mA for a total of 
56mA. This leaves 4 mA sink current capability 
which can be divided in any way among the 
remaining 8 I/O lines of the 8243. 


sink capability of Port 7 affects the sinking 
capability of the other I/O lines. 


An 8243 will drive the following loads simul- 
taneously. 


2 loads— 20 mA @ 1V (port 7 only) 
8 loads—4 mA @ .45V 

6 loads—3.2 MA @ .45V 

Is this within the specified limits? 


elOL = (2 x 20) + (8 x 4) + (6 x 3.2) = 91.2 mA. 
From the curve: forlOL =4mMA, elOL ~ 93 mA. 
since 91.2 mA < 93 mA the loads are within 
specified limits. 


Although the 20 mA @ 1V loads are used in 
calculating «lOL, it is the largest current re- 
quired @ .45V which determines the maximum 
allowable elOL. 


NOTE: A10 to 50KQ pullup resistor to +5V should be added to 8243 outputs when driving to 5V CMOS directly. 
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Figure 4. Expander Interface 


0077 


00 READ 
01 PORT 
0 | ADDRESS 


_j 11 


ADDRESS (4-BITS) DATA (4-BITS) 


Figure 5. Output Expander Timing 


PROG P20-3 


Figure 6. Using Multiple 8243’s 


9-64 AFN-00214A-06 


veda lersrsanreytseitinserersrmrsreyersrereraysrererstartereteretateratetatatetetateretatetetatetatatetatetatatatataats atest tS SSO RADARS SONS ASSESSES ASSES 


SO eh he he hh he a ht eke iranian 
ee ee hh ee ee he here 
ate latelalatetetate ete tate te te etstetetene a etetetetcre ste ete nets eeete tet eeee estate! « neem KK i Ke ee he ee hh ee eh 


MCS-80/85™ 6 
Microprocessors 


He 


In 8080A/8080A-1/8080A-2 
8-BIT N-CHANNEL MICROPROCESSOR 


a TTL Drive Capability we at Bink Pointer and Stack, : 
4 _ 9. ; anipulation Instructions for Rapi 
" hele Teles PRs es ey ene en Switching of the Program Environment 
= Powerful Problem Solving Instruction = Decimal, Binary, and Double Precision 
Set Arithmetic 
= 6 General Purpose Registers and an 
Accumulator a Ability to Provide Priority Vectored 
= 16-Bit Program Counter for Directly Interrupts 
Addressing up to 64K Bytes of 
Memory es 512 Directly Addressed I/O Ports 


The Intel® 8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip using 
Intel’s n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing 
applications. 


The 8080A contains 6 8-bit general purpose working registers and an accumulator. The 6 general purpose registers may be 
addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions 
set or reset 4 testable flags. A fifth flag provides decimal arithmetic operation. 


The 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to 
store/retrieve the contents of the accumulator, flags, program counter, and all of the 6 general purpose registers. The 16-bit 
stack pointer controls the addressing of this external stack. This stack gives the 8080A the ability to easily handle multiple 
level priority interrupts by rapidly storing and restoring processor status. It also provides almost unlimited subroutine 
nesting. 


This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bidirectional data 
busses are used to facilitate easy interface to memory and |/O. Signals to control the interface to memory and |/O are 
provided directly by the 8080A. Ultimate control of the address and data busses resides with the HOLD signal. It provides 
the ability to suspend processor operation and force the address and data busses into a high impedance state. This permits 
OR-tying these busses with other controlling devices for (DMA) direct memory access or multi-processor operation. 


NOTE: 
The 8080A is functionally and electrically compatible with the Intel® 8080. 
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ADJUST 
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ADDRESS LATCH 


TIMING 


AND 
CONTROL 
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DATA BUS INTERRUPT HOLD 
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—e -5V 
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WR OBIN INTE INT — HOLD WAIT SYNC 61 »2 RESET A 
READY 15% 
ADDRESS BUS 


Figure 1. Block Diagram Figure 2. Pin Configuration 
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Table 1. Pin Description 


pte [8 | 
D7-Do VO 

8080A outputs a status word on the data bus that describes the current machine cycle. Dg is the least 

significant bit. 

SYNC | @ | Synchronizing Signal: The SYNC pin provides a signal to indicate the beginning of each machine cycle. 
Le Data Bus In: The DBIN signal indicates to external circuits that the data bus is in the input mode. This 
READY Ready: The READY signal indicates to the 8080A that valid memory or input data is available on the 8080A 
data bus. This signal is used to synchronize the CPU with slower memory or I/O devices. If after sending 
an address out the 8080A does not receive a READY input, the 8080A will enter a WAITstate for as long as 

the READY line is low. READY can also be used to single step the CPU. 

Write: The WR signal is used for memory WRITE or I/O output control. The data on the data bus is stable 

while the WR signal is active low (WR = 0). 

lll Hold: The HOLD signal requests the CPU to enter the HOLD state. The HOLD state allows an external 
device to gain control of the 8080A address and data bus as soon as the 8080A has completed its use of 

e the CPU is in the HALT state. 

e the CPU isin the T2 or TW state and the READY signal is active. As a result of entering the HOLD state 
the CPU ADDRESS BUS (A;5-Ap) and DATA BUS (D7-Dg) will be in their high impedance state. The CPU 
acknowledges its state with the HOLD ACKNOWLEDGE (HLDA) pin. 

HLDA 

and address bus will go to the high impedance state. The HLDA signal begins at: 

e T3 for READ memory or input. 

e The Clock Period following T3 for WRITE memory or OUTPUT operation. 

In either case, the HLDA signal appears after the rising edge of do. 

- _ 

Le 
Reset: While the RESET signal is activated, the content of the program counter is cleared. After RESET, 
the program will start at location 0 in memory. The INTE and HLDA flip/flops are also reset. Note that the 

/ Vss | Ground: Reference. 

ee ee Power: +12 +5% Volts. 

| Voc | | Power: +5 =5% Volts 

Sine ee ae Power: ~5 5% Volts. 


signal should be used to enable the gating of data onto the 8080A data bus from memory or I/O. 
WAIT ee Wait: The WAIT signal acknowledges that the CPU is in a WAIT state. 
these busses for the current machine cycle. It is recognized under the following conditions: 
Hold Acknowledge: The HLDA signal appears in response to the HOLD signal and indicates that the data 
RESET! 
flags, accumulator, stack pointer, and registers are not cleared. 
| dude f | Clock Phases: 2 externally supplied clock phases. (non TTL compatible) 


Address Bus: The address bus provides the address to memory (up to 64K 8-bit words) or denotes the I/O 
device number for up to 256 input and 256 output devices. Ag is the least significant address bit. 


Data Bus: The data bus provides bi-directional communication betweeen the CPU, memory, and I/O 
devices for instructions and data transfers. Also, during the first clock cycle of each machine cycle, the 


interrupt Enable: Indicates the content of the internal interrupt enable flip/flop. This flip/flop may be set 
or reset by the Enable and Disable Interrupt instructions and inhibits interrupts from being accepted by 
the CPU when it is reset. It is automatically reset (disabling further interrupts) at time T1 of the instruction 
fetch cycle (M1) when an interrupt is accepted and is also reset by the RESET signal. 


Interrupt Request: The CPU recognizes an interrupt request on this line at the end of the current 
instruction or while halted. If the CPU is in the HOLD state or if the Interrupt Enable flip/flop is reset it will 
not honor the request. 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ........... . OCto+70°C 
Storage Temperature -65°C to +150°C 
All Input or Output Voltages 


With Respect to Vgg ........... -0.3V to +20V 
Vcc, Vop and Vss With Respect to Vgg = -0.3V to +20V 
Power Dissipation «.<ivssavsa evens see wees 1.5W 


D.C. CHARACTERISTICS (tT, = 0°C to 70°C, Vpp = 
Voc = +5V +5%, Veg = 


Symbol 


ans Clock Input High Voltage 


Input Low Voltage 


Input High Voltage 


Data Bus Leakage in Input Mode 


Address and Data Bus Leakage 
During HOLD 


CAPACITANCE (Ta = 25°C, Voc = Vpp =Vss = 


Court Output Capacitance 


NOTES: 


2. Al supply / AT, = -0.45%/°C. 


eam 


28 [Moos 


Woe it tow vata 
[Vou | Output igh Vorowe «|| 
oo avi | Ave Power Supiy Gunton) | | 4 | 70 | mA 
cciaws | Ave: Power Supply Gurent(Vec) | | 60 | 80 | mA 
[Ts iavs | Avg Power Supply Gurent(Ves) | | 01 | 1 | mA_ 
Pu | tnpateokowe | tO| 
a 


-100 
-2.0 
+10 

-100 


OV, Vas = —5V) 


[mot [Pwr | te. [we | un | To Coan 
rs __| lock Capestnse | 17 | 25 | wf [G=1WHe 
ren | pur Cnactnce | 6 | 10 | _pf_| Unmesured Pi 

pio [ 20 [oF | Retired Vas 


1. The RESET signal must be active for a minimum of 3 clock cycles. 
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*NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 


+12V +5%, 
—5V +5%, Vss =OV; unless otherwise noted) 


Typ. 


tim [vas | tn 


Operation 
Tey = .48 psec 


Vise Vay * Ver 
Vsg < Vetock S Vpp 
Vss SVin SVgs + 0.8V 
mA Vgg +0.8V <Vin <Voc 
uA VADDR/DATA = Vcc 


VADDR/DATA = Vss + 0.45V 


SUPPLY CURRENT 
o 


+25 +50 


AMBIENT TEMPERATURE (°C) 


Typical Supply Current vs. 
Temperature, Normalized'*! 
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A.C. CHARACTERISTICS (8080A) (tT, = 0°C to 70°C, Vpp = +12V +5%, Veco = +5V +5%, 
Veep =—5V +5%, Vss =OV; unless otherwise noted) 


Symbol Parameter 
tcy/3]_| Clock Period 


Clock Rise and Fall Time 

23 Pulse Width 

@o Pulse Width 

Delay 2; to 29 

Delay 29 to 24 

Delay 2; to Sp Leading Edges 
Address Output Delay From 29 


CL= 100 pF 
Data Output Delay From 29 


Loma 


DC Signal Output Delay From @9 or @9 (SYNC, WR, WAIT, HLDA) C, =50 pF 


DBIN Delay From 29 


~ = © 


Delay for Input Bus to Enter input Mode 


Data Seiup Time During 2; and DBIN 


Address Stable From WR 


Cy =50 pF 


C= 100 pF: Address, Data 
C,_ = 50 pF: WR,HLDA,DBIN 


HLDA to Float Delay 


x 
n 


WR to Float Delay 
Address Hold Time After DBIN During HLDA 


nN 


A.C. TESTING LOAD CIRCUIT 


DEVICE 
UNDER 


TEST 
C, = 100 pF 


CL = 100 pF 
C, INCLUDES JIG CAPACITANCE 
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WAVEFORMS 


NOTE: 
Timing measurements are made at the following reference voltages: CLOCK "1” = 8.0V, 


"0" = 1.0V; INPUTS "1” = 3.3V, "0" = 0.8V; OUTPUTS "1” = 2.0V, "0" = 0.8V. 


6-5 AFN-00735B 


intel 8080A/8080A-1/8080A-2 


WAVEFORMS (Continued) 


2 


Ais"Ao 


~% | 
| | 


twe 


READY 


WAIT 


HLDA | = 
= 
INT | 


. te ie 
INTE ~ 
— | 


6-6 


NOTES: (Parenthesis gives -1, -2 specifications, respectively) 


Te 


Data input should be enabled with DBIN status. No bus con- 
flict can then occur and data hold time is assured. 
tpH = 50 ns or tpr, whichever is less. 


2. tcy = to3 + trga +tg2 + ttge + to2 + tro1 = 480 ns ( — 1:320 


On» 


oO ON 


10. 


1. 


12. 


13. 


ns, — 2:380 ns). 


TYPICAL A OUTPUT DELAY VS. A CAPACITANCE 


A OUTPUT DELAY (ns) 


A CAPACITANCE (pf) 


(Cactuar — Sspec) 


. The following are relevant when interfacing the 8080A to 


devices having Viy = 3.3V: 

a) Maximum output rise time from .8V to 3.3V = 100ns @ C, 
= SPEC. 

b) Output delay when measured to 3.0V = SPEC +60ns @ C,. 
= SPEC. 

c) If CL = SPEC, add .6ns/pF if C_ > Cspec, subtract .3ns/pF 
(from modified delay) if CL < Cspec. 


. taw=2tcy— tos — trg2 — 140 ns(— 1:110 ns, — 2:130 ns). 
. tpw=tcy — to3 — trg2 — 170 ns ( — 1:150 ns, — 2:170 ns). 
. If not HLDA, twp = twa = tp3 + tre2 + 10 ns. If HLDA, twp 


= twa = twe. 


- tyr = to3 + trea —50 ns). 
- twr = tog + trg2 — 10ns. 
- Data in must be stable for this period during DBIN T3. 


Both tps; and tps2 must be satisfied. 

Ready signal must be stable for this period during To or Tw. 
(Must be externally synchronized.) 

Hold signal must be stable for this period during To or Tw 
when entering hold mode, and during T3, T4, T5 and Tw 
when in hold mode. (External synchronization is not re- 
quired.) 

Interrupt signal must be stable during this period of the last 
clock cycle of any instruction in order to be recognized on the 
following instruction. (External synchronization is not re- 
quired.) 

This timing diagram shows timing relationships only; it does 
not represent any specific machine cycle. 
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INSTRUCTION SET 


The accumulator group instructions include arithmetic and 
logical operators with direct, indirect, and immediate ad- 
dressing modes. 


Move, load, and store instruction groups provide the ability 
to move either 8 or 16 bits of data between memory, the 
six working registers and the accumulator using direct, in- 
direct, and immediate addressing modes. 


The ability to branch to different portions of the program 
is provided with jump, jump conditional, and computed 
jumps. Also the ability to call to and return from sub- 
routines is provided both conditionally and unconditionally. 
The RESTART (or single byte call instruction) is useful for 
interrupt vector operation. 


Double precision operators such as stack manipulation and 
double add instructions extend both the arithmetic and 
interrupt handling capability of the 8080A. The ability to 


Data and Instruction Formats 


increment and decrement memory, the six general registers 
and the accumulator is provided as well as extended incre- 
ment and decrement instructions to operate on the register 
pairs and stack pointer. Further capability is provided by 
the ability to rotate the accumulator left or right through 
or around the carry bit. 


Input and output may be accomplished using memory ad- 
dresses as I/O ports or the directly addressed |/O provided 
for in the 8080A instruction set. 


The following special instruction group completes the 8080A 
instruction set: the NOP instruction, HALT to stop pro- 
cessor execution and the DAA instructions provide decimal 
arithmetic capability. STC allows the carry flag to be di- 
rectly set, and the CMC instruction allows it to be comple- 
mented. CMA complements the contents of the accumulator 
and XCHG exchanges the contents of two 16-bit register 
pairs directly. 


Data in the 8080A is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be in the 


Dz Dg Ds D4 D3 Do Dy Do 


same format. 


DATA WORD 


The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored 
in successive words in program memory. The instruction formats then depend on the particular operation 


executed. 


One Byte Instructions 


[ D7 Dg Ds D4 D3 Do D; Do | OP CODE 
Two Byte Instructions 

D7 Dg Ds Dg D3 Dz Dy Dg | OP CODE 

D7 Dg Ds Dg D3 Dz Dy Do | OPERAND 
Three Byte Instructions 

D7 Dg Ds D4 D3 Dz Di Do | OP CODE 


D7 Dg Ds D4 D3 Do Dy Do 


D7 Dg Ds Dg D3 Do D; Do 


TYPICAL INSTRUCTIONS 


Register to register, memory refer- 
ence, arithmetic or logical, rotate, 
return, push, pop, enable or disable 
Interrupt instructions 


Immediate mode or I/O instructions 


Jump, call or direct load and store 
instructions 


LOW ADDRESS OR OPERAND 1 
HIGH ADDRESS OR OPERAND 2 


For the 8080A a logic ‘'1”’ is defined as a high level and a logic ‘0’ is defined as a low level. 
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Table 2. Instruction Set Summary 


Instruction Code [1] 
D7 Dg Ds D4 D3 D2 Di Do 


MOVE, LOAD, AND STORE 
DD OD 


Instruction Code [1] 
D7 Dg Ds D4 D3 D2 Di Do 


0 0 0 
Move register to register 0 0 0 


Operations 
Description 


Operations 
Description 


STACK OPS 
PUSH B 


PUSH D 
PUSH H 
PUSH 
PSW 
POP B 
POP D 


POP H 


0 1 
0 


0 


oO oO 


Oo 


-Oo00co0coocoao 


1 


1 


0 


0 


oO 


oO 


-oOoOo0oo0oo0o00coc9c”noe 


1 


D 


D 


1 


—_a st ss s+ -« COO OO CO 


1 


D 


= 


Oo 


ooojw--+-o0o0+-O 


0 


—-_=-O0O0O+01- +00 


oooooqo0°o0°o°co 


Move register to 
memory 

Move memory to regis- 
ter 

Move immediate regis- 
ter 

Move immediate 
memory 

Load immediate register 
PairB&C 

Load immediate register 
PairD&E 

Load immediate register 
PairH&L 

Store A indirect 

Store A indirect 

Load A indirect 

Load A indirect 

Store A direct 

Load A direct 

Store H & L direct 

Load H & L direct 
ExchangeD&E,H&L 
Registers 


Push register Pair B & 
C on stack 

Push register Pair D & 
E on stack 

Push register Pair H & 
L on stack 

Push A and Flags 

on stack 

Pop register Pair B & 
C off stack 

Pop register Pair D & 
E off stack 

Pop register Pair H & 
L off stack 


ee ee ee ee ee a 8 
—“~ et = SH OO OC CO 


oo+--o0o+-+_ 0 


cae eee ee ae ee ee 
—- ss |S = OOCDOCCO 
oo-r-+-o0o+-+-0Oo 


Ot -A 0080 — 


o--+-O00+(0--— 


a oe a ee ee ee 


oooooo0ocoo 


ooooo0oo0°ooo9co 


ooooo0oo0°ooeo°9coo 


0 |Jump on parity odd 10 
1 |H&Lto program 5 
counter 


ooooo0oo0°coo — 


ooooo0°ooc”o — 


Call unconditional 
Call on carry 

Call on no carry 
Call on zero 

Call on no zero 
Call on positive 
Call on minus 

Call on parity even 
Call on parity odd 


Return 

Return on carry 
Return on no carry 
Return on zero 
Return on no zero 
Return on positive 
Return on minus 
Return on parity even 
Return on parity odd 


Increment register 
Decrement register 
Increment memory 
Decrement memory 
Increment B & C 
registers 
Increment D&E 
registers 
Increment H & L 
registers 
Decrement B & C 
Decrement D&E 
Decrement H & L 


S_ S| Add register toA 

S S| Add register toA 
with carry 

0 | Add memory toA 

0 | Add memory toA 
with carry 

0 | Add immediate to A 

0 | Add immediate to A 


POP PSW Pop A and Flags 
off stack 
Exchange top of 1 
stack, H&L 1 4 
H & L to stack pointer 


Load immediate stack 


XTHL 


SPHL 
LX! SP 


INX SP 


ee ee ee ee ee ee eo 


ee ee ee ee ee eo 


—_a- -O0C00CO 


o-+-O00-+-0 


-_-0O0O0-+-0O0O+$-0O 


ooo o 0 000 


ee ee ee 2 


ooooo0o°coo — 


pointer 

Increment stack pointer 
Decrement stack 
pointer 


Jump unconditional 
Jump on carry 
Jump on no carry 
Jump on zero 

Jump on no zero 
Jump on positive 
Jump on minus 
Jump on parity even 


with carry 

Add B&CtoH&L 
AddD&EtoH&L 
AddH&LtoH&L 


‘Add stack pointer to 


H&L 
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Summary of Processor Instructions (Cont.) 


Operations 
Description 


Subtract register 
from A 

Subtract register from 
Awith borrow 
Subtract memory 
from A 

Subtract memory from 
Awith borrow 
Subtract immediate 
from A 

Subtract immediate 
from Awith borrow 


And register with A 
Exclusive Or register 
with A 

Or register with A 
Compare register with A 
And memory with A 
Exclusive Or memory 
with A 

Or memory with A 
Compare memory with 
A 

And immediate with A 
Exclusive Or immediate 
with A 

Or immediate with A 
Compare immediate 
with A 


Instruction Code [1] 
D7 Dg Ds D4 D3 D2 Dy Dg 


Operations 
Description 


Rotate A left 

Rotate A right 

Rotate A left through 
carry 

Rotate A right through 


Complement A 
Set carry 
Complement carry 
Decimal adjust A 


Enable Interrupts 
Disable Interrupt 
No-operation 
Halt 


1. DDD or SSS: B=000, C=001, D=010, E=011, H= 100, L=101, Memory=110, A=111. 
2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags. 
*All mnemonics copyright °intel Corporation 1977 
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SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSORS 


a Single +5V Power Supply ew Four Vectored Interrupt Inputs (One is 
100% Software Compatible with 8080A erin ae 8080A- 
1.3 us Instruction Cycle (8085A); Pee ad 
0.8 us (8085A-2) ew Serial In/Serial Out Port 

’ Stall LE cre Neimon? oe = Decimal, Binary and Double Precision 


Arithmetic 
ws On-Chip System Controller; Advanced 
Cycle Status Information Available for = Direct Addressing Capability to 64k 
Large System Control Bytes of Memory 


The Intel® 8085A is a complete 8 bit parallel Central Processing Unit (CPU). Its instruction set is 100% software compatible 
with the 8080A microprocessor, and it is designed to improve the present 8080A’s performance by higher system speed. 
Its high level of system integration allows a minimum system of three IC’s [8085A (CPU), 8156 (RAM/IO) and 8355/8755A 
(ROM/PROM/IO)] while maintaining total system expandability. The 8085A-2 is a faster version of the 8085A. 


The 8085A incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) provided for the 
8080A, thereby offering a high level of system integration. 


The 8085A uses a multiplexed data bus. The address is split between the 8 bit address bus and the 8 bit data bus. The 
on-chip address latches of 8155/8156/8355/8755A memory products allow a direct interface with the 8085A. 


INTA RST6.5 TRAP 
INTR RST 5.5 RST7.5 SID SoD 
| 8-BIT INTERNAL DATA BUS | x4 Vcc 
X2 HOLD 
RESET OUT HLDA 


SoD 
SID 
TRAP 
RST 7.5 


CLK (OUT) 


INSTRUCTION 
REGISTER (8) 


ACCUMULATOR TEMP. REG 
(8) (8) 


FLIP-FLOPS 


REG. Bn 
RST 5.5 RD 
INSTRUCTION 
amare sss Nth mR 


CYCLE 
ENCODING 


UNIT 
(ALU) 
(8) 


INTA 
ADo 
STACK POINTER AD 


PROGRAMCOUNTER AD2 A14 
POWER | —> +5V ney A13 
Sipe | ono ae aa AD4 a2 
ADs Ail 
ADg& A10 
AD7 Ag 
TIMING AND CONTROL Vss Ag 

x; ADDRESS BUFFER (e) DATA/ADDRESS BUFFER 

X2 CONTROL STATUS OMA _—— II { 
CLK OUT RD WR ALE SoS; 10/M HLDA RESET OUT Phan 
mEARY aii oe ADDRESS BUS ADDRESS/DATA BUS 
Figure 2. 8085A Pin 
Figure 1. 8085A CPU Functional Block Diagram Configuration 
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Table 1. Pin Description 


| Symbol —_—{ Type | Name and Function 


aa 


Address Bus: The most significant 
8 bits of the memory address or the 
8 bits of the I/O address, 3-stated 
during Hold and Halt modes and 
during RESET. 


Multiplexed Address/Data Bus: 
Lower 8 bits of the memory address 
(or I/O address) appear on the bus 
during the first clock cycle (T state) 
of a machine cycle. It then becomes 
the data bus during the second and 
third clock cycles. 


Address Latch Enable: It occurs 
during the first clock state of a ma- 
chine cycle and enables the address 
to get latched into the on-chip latch 
of peripherals. The falling edge of 
ALE is set to guarantee setup and 
hold times for the address informa- 
tion. The falling edge of ALE can 
also be used to strobe the status 
information. ALE is never 3-stated. 


Machine Cycle Status: 


IO/M S; Spo Status 

Memory write 
Memory read 
/O write 
/O read 
Opcode fetch 
Opcode fetch 
Interrupt 
Acknowledge 
Halt 
Hold 
Reset 

* = 3-state (high impedance) 

X = unspecified 


S; can be used as an advanced R/W 
status. |O/M, So and S; become 
valid at the beginning of a machine 
cycle and remain stable throughout 
the cycle. The falling edge of ALE 
may be used to latch the state of 
these lines. 


Read Control: A low level on RD 
indicates the selected memory or 
I/O device is to be read and that the 
Data Bus is available for the data 
transfer, 3-stated during Hold and 
Halt modes and during RESET. 


Write Control: A low level on WR 
indicates the data on the Data Bus is 
to be written into the selected 
memory or I/O location. Data is set 
up at the trailing edge of WR. 3- 
stated during Hold and Halt modes 
and during RESET. 
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Name and Function 


Ready: If READY is high during a 
read or write cycle, it indicates that 
the memory or peripheral is ready to 
send or receive data. If READY is 
low, the cpu will wait an integral 
number of clock cycles for READY 
to go high before completing the 
read or write cycle. READY must 
conform to specified setup and hold 
times. 


Hold: Indicates that another master 
is requesting the use of the address 
and data buses. The cpu, upon 
receiving the hold request, will 
relinquish the use of the bus as 
soon as the completion of the cur- 
rent bus transfer. Internal process- 
ing can continue. The processor 
can regain the bus only after the 
HOLD is removed. When the HOLD 
is acknowledged, the Address, 
Data RD, WR, and IO/M lines are 
3-stated. 


Hold Acknowledge: Indicates that 
the cpu has received the HOLD re- 
quest and that it will relinquish the 
bus in the next clock cycle. HLDA 
goes low after the Hold request is 
removed. The cpu takes the bus one 
half clock cycle after HLDA goes 
low. 


Interrupt Request: Is’ used as a 
general purpose interrupt. It is 
sampled only during the next to the 
last clock cycle of an instruction 
and during Hold and Halt states. If it 
is active, the Program Counter (PC) 
will be inhibited from incrementing 
and an INTA will be issued. During 
this cycle a RESTART or CALL in- 
struction can be inserted to jump to 
the interrupt service routine. The 
INTR is enabled and disabled by 
software. It is disabled by Reset and 
immediately after an interrupt is ac- 
cepted. 


Interrupt Acknowledge: Is used in- 
stead of (and has the same timing 
as) RD during the Instruction cycle 
after an INTR is accepted. It can be 
used to activate an 8259A Interrupt 
chip or some other interrupt port. 


Restart Interrupts: These three in- 
puts have the same timing as INTR 
except they cause an internal 
RESTART to be automatically 
inserted. 


The priority of these interrupts is 
ordered as shown in Table 2. These 
interrupts have a higher priority 
than INTR. In addition, they may be 
individually masked out using the 
SIM instruction. 
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Table 1. Pin Description (Continued) 


Name and Function | Symbol | Type | Name and Function 


Trap: Trap interrupt is a non- RESET OUT 
maskable RESTART interrupt. It is 
aa 


recognized at the same time as 
ee 


INTR or RST 5.5-7.5. It is unaffected 
by any mask or Interrupt Enable. It 

put SOD is set or reset as specified 
by the SIM instruction. 


has the highest priority of any inter- 
rupt. (See Table 2.) 
[ne Power: +5 volt supply. 
Vss [ Ground: Reference. 


Reset Out: Reset Out indicates cpu 
is being reset. Can be used 
as a system reset. The signal is 
synchronized to the processor 
clock and lasts an integral number 
of clock periods. 


X; and Xo: Are connected to a 
crystal, LC, or RC network to drive 
the internal clock generator. X; can 
also be an external clock input from 
a logic gate. The input frequency is 
divided by 2 to give the processor's 
internal operating frequency. 


Reset In: Sets the Program Coun- 
ter to zero and resets the Interrupt 
Enable and HLDA flip-flops. The 
data and address buses and the 
control lines are 3-stated during 
RESET and because of the 
asynchronous nature of RESET, the 
processor's internal registers and 
flags may be altered by RESET with 
unpredictable results. RESET INisa 
Schmitt-triggered input, allowing 
connection to an R-C network for 
power-on RESET delay. The cpu is 
held in the reset condition as long 
as RESET IN is applied. 


Clock: Clock output for use as a sys- 
tem clock. The period of CLK is 
twice the X4, Xp input period. 


Serial Input Data Line: The data on 
this line is loaded into accumulator 
bit 7 whenever a RIM instruction is 
executed. 


Serial Output Data Line: The out- 


Table 2. Interrupt Priority, Restart Address, and Sensitivity 


[etaensan” [ete 
When Interrupt Occurs Type Trigger 
NOTES: 


1. The processor pushes the PC on the stack before branching to the indicated address. 
2. The address branched to depends on the instruction provided to the cpu when the interrupt is acknowledged. 
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FUNCTIONAL DESCRIPTION 


The 8085A is a complete 8-bit parallel central processor. 
Itis designed with N-channel depletion loads and requires 
a single +5 volt supply. Its basic clock speed is 3 MHz 
(8085A) or 5 MHz (8085A-2), thus improving onthe present 
8080A’s performance with higher system speed. Also it is 
designed to fit into a minimum system of three |C’s: The 
cpu (8085A), a RAM/IO (8156), and a ROM or EPROM/IO 
chip (8355 or 8755A). 


The 8085A has twelve addressable 8-bit registers. Four of 
them can function only as two 16-bit register pairs. Six 
others can be used interchangeably as 8-bit registers or 
as 16-bit register pairs. The 8085A register set is as follows: 


Mnemonic Register Contents 
ACCorA Accumulator 8 bits 
PC Program Counter 16-bit address 
BC,DE,HL General-Purpose 8 bits x 6 or 
Registers; data 16 bits x3 
pointer (HL) 
SP Stack Pointer 16-bit address 
Flags or F Flag Register 5 flags (8-bitspace) 


The 8085A uses a multiplexed Data Bus. The address is 
split between the higher 8-bit Address Bus and the lower 
8-bit Address/Data Bus. During the first T state (clock 
cycle) of a machine cycle the low order address is sent 
out on the Address/Data bus. These lower 8 bits may be 
latched externally by the Address Latch Enable signal 
(ALE). During the rest of the machine cycle the data bus is 
used for memory or !/O data. 


The 8085A provides RD, WR, So, S;, and IO/M signals for 
bus control. An Interrupt Acknowledge signal (INTA) is 
also provided. HOLD and all Interrupts are synchronized 
with the processor’s internal clock. The 8085A also pro- 
vides Serial Input Data (SID) and Serial Output Data 
(SOD) lines for simple serial interface. 


In addition to these features, the 8085A has three mask- 
able, vector interrupt pins and one nonmaskable TRAP 
interrupt. 


INTERRUPT AND SERIAL 1/O 


The 8085A has 5 interrupt inputs: INTR, RST 5.5, RST 6.5, 
RST 7.5, and TRAP. INTR is identical in function to the 
8080A INT. Each of the three RESTART inputs, 5.5, 6.5, 
and 7.5, has a programmable mask. TRAP is also a 
RESTART interrupt but it is nonmaskable. 


The three maskable interrupts cause the internal 
execution of RESTART (saving the program counter in the 
stack and branching to the RESTART address) if the inter- 
rupts are enabled and if the interrupt mask is not set. The 
non-maskable TRAP causes the internal execution of a 
RESTART vector independent of the state of the interrupt 
enable or masks. (See Table 2.) 


There are two different types of inputs in the restart inter- 
rupts. RST 5.5 and RST 6.5 are high level-sensitive like 
INTR (and INT on the 8080) and are recognized with the 
same timing as INTR. RST 7.5 is rising edge-sensitive. 


For RST 7.5, only a pulse is required to set an internal 
flip-flop which generates the internal interrupt request. 
(See Section 5.2.7.) The RST 7.5 request flip-flop remains 


set until the request is serviced. Then it is reset auto- 
matically. This flip-flop may also be reset by using the 
SIM instruction or by issuing a RESET IN to the 8085A. 
The RST 7.5 internal flip-flop will be set by a pulse on the 
RST 7.5 pin even when theRST 7.5 interruptis masked out. 


The status of the three RST interrupt masks can only be 
affected by the SIM instruction and RESET IN. (See SIM, 
Chapter 5. 


The interrupts are arranged in a fixed priority that deter- 
mines which interrupt is to be recognized if more than 
one is pending as follows: TRAP — highest priority, 
RST 7.5, RST 6.5, RST 5.5, INTR — lowest priority. This 
priority scheme does not take into account the priority 
of a routine that was started by a higher priority interrupt. 
RST 5.5 can interrupt an RST 7.5 routine if the interrupts 
are re-enabled before the end of the RST 7.5 routine. 


The TRAP interrupt is useful for catastrophic events such 
as power failure or bus error. The TRAP input is recog- 
nized just as any other interrupt but has the highest 
priority. It is not affected by any flag or mask. The TRAP 
input is both edge and level sensitive. The TRAP input 
must go high and remain high until it is acknowledged. 
It will not be recognized again until it goes low, then high 
again. This avoids any false triggering due to noise or 
logic glitches. Figure 3 illustrates the TRAP interrupt 
request circuitry within the 8085A. Note that the servicing 
of any interrupt (TRAP, RST 7.5, RST 6.5, RST 5.5. INTR) 
disables all future interrupts (except TRAPs) until an El 
instruction is executed. 


INSIDE THE 


EXTERNAL aii 


TRAP 
INTERRUPT 
REQUEST 


RESET IN 


INTERRUPT 
REQUEST 


INTERNAL TRAP F.F. 


TRAP 
ACKNOWLEDGE 


Figure 3. TRAP and RESET IN Circuit 


The TRAP interrupt is special in that it disables interrupts, 
but preserves the previous interrupt enable status. Per- 
forming the first RIM instruction following a TRAP inter- 
rupt allows you to determine whether interrupts were 
enabled or disabled prior to the TRAP. All subsequent 
RIM instructions provide current interrupt enable status. 
Performing a RIM instruction following INTR, or RST 
5.5-7.5 will provide current Interrupt Enable status, 
revealing that Interrupts are disabled. See the descrip- 
tion of the RIM instruction in Chapter 5. 


The serial 1/O system is also controlled by the RIM and 
SIM instructions. SID is read by RIM, and SIM sets the 
SOD data. 
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DRIVING THE X; AND X2 INPUTS 


You may drive the clock inputs of the 8085A or 8085A-2 
with a crystal, an LC tuned circuit, an RC network, or an 
external clock source. The driving frequency must be at 
least 1 MHz, and must be twice the desired internal clock 
frequency; hence, the 8085A is operated with a 6 MHz 
crystal (for 3 MHz clock), and the 8085A-2 can be operated 
with a 10 MHz crystal (for 5 MHz clock). If acrystal is used, 
it must have the following characteristics: 


Parallel resonance at twice the clock frequency desired 
Ci (load capacitance) < 30 pf 

Cs (shunt capacitance) < 7 pf 

Rs (equivalent shunt resistance) < 75 Ohms 

Drive level: 10 mW 

Frequency tolerance: +.005% (suggested) 


Note the use of the 20pF capacitor between Xp, and 
ground. This capacitor is required with crystal 
frequencies below 4MHz to assure oscillator startup at 
the correct frequency. A parallel-resonant LC circuit 
may be used as the frequency-determining network for 
the 8085A, providing that its frequency tolerance of 
approximately +10% is acceptable. The components 
are chosen from the formula: 


1 


2mv/L(Cext + Cint) 


*20 pF CAPACITORS REQUIRED FOR 
CRYSTAL FREQUENCY < 4 MHz ONLY. 


a. Quartz Crystal Clock Driver 


c. RC Circuit Clock Driver 


To minimize variations in frequency, it is recommended 
that you choose a value for Cext that is at least twice that 
of Cint, or 30 pF. The use of an LC circuit is not recom- 
mended for frequencies higher than approximately 5 MHz. 


An RC circuit may be used as the frequency-determining 
network for the 8085A if maintaining a precise clock fre- 
quency is of no importance. Variations in the on-chip 
timing generation can cause a wide variation in frequency 
when using the RC mode. Its advantage is its low com- 
ponent cost. The driving frequency generated by the 
circuit shown is approximately 3 MHz. It is not recom- 
mended that frequencies greatly higher or lower than this 
be attempted. 


Figure 4 shows the recommended clock driver circuits. 
Note in D and E that pullup resistors are required to assure 
that the high level voltage of the input is at least 4 V. 


For driving frequencies up to and including 6 MHz you 
may supply the driving signal to X1 and leave X2 open- 
circuited (Figue 4D). If the driving frequency is from 6 MHz 
to 10 MHz, stability of the clock generator will be improved 
by driving both X1 and X2 with a push-pull source (Figure 
4E). To prevent self-oscillation of the 8085A, be sure that 
X2 is not coupled back to Xi through the driving circuit. 


Low time > 60 ns 


*X2 LEFT FLOATING 


d. 1-6 MHz Input Frequency External Clock 
Driver Circuit 


Low time > 40 ns 


e. 1-10 MHz Input Frequency External Clock 
Driver Circuit 


Figure 4. Clock Driver Circuits 


AFN-01242B 


GENERATING AN 8085A WAIT STATE 


If your system requirements are such that slow memories 
or peripheral devices are being used, the circuit shown in 
Figure 5 may be used to insert one WAIT state in each 
8085A machine cycle 


The D flip-flops should be chosen so that 
e CLK is rising edge-triggered 
e CLEAR is low-level active. 


8085A 
CLK OUTPUT“ 


*ALE AND CLK (OUT) SHOULD BE BUFFERED IF CLK INPUT OF LATCH 
EXCEEDS 8085A IOL OR IOH. 


Figure 5. Generation of a Wait State for 8085A 
CPU 

As in the 8080, the READY line is used to extend the read 

and write pulse lengths so that the 8085A can be used with 

slow memory. HOLD causes the cpu to relinquish the bus 

when it is through with it by floating the Address and Data 

Buses. 


SYSTEM INTERFACE 


The 8085A family includes memory components, which 
are directly compatible to the 8085A cpu. For example, a 
system consisting of the three chips, 8085A, 8156, and 
8355 will have the following features: 


e 2K Bytes ROM 


e 256 Bytes RAM 

e 1 Timer/Counter 

e 48-bit I/O Ports 

e 16-bit |/O Port 

e 4 Interrupt Levels 

e Serial In/Serial Out Ports 


This minimum system, using the standard I/O technique 
is as shown in Figure 6. 


In addition to standard |/O, the memory mapped I/O 
offers an efficient |/O addressing technique. With this 
technique, an area of memory address space is assigned 
for |/O address, thereby, using the memory address for 
1/O manipulation. Figure 7 shows the system configura- 
tion of Memory Mapped I/O using 8085A. 


8085A/8085A-2 


The 8085A cpu can also interface with the standard 
memory that does not have the multiplexed address/data 
bus. It will require a simple 8212 (8-bit latch) as shown in 
Figure 8. 


RST6,5 
RST5,5 
INTR 


ADDR/ 
Hf - | [ WR ry 


TT ee ae 
RESET OUT 


ET 
CLK ioR bai 
Vss Vec Vop PROG 


“NOTE: OPTIONAL CONNECTION 


Figure 6. 8085A Minimum System (Standard |/O 
Technique) 
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RESET OUT 


ae 


| 
le 
| TIMER A8- 
RESET IN 10/M A10 OWICLK - RDY 


8156 8355 [ROM +1/O] 


OR 
[RAM + I/O + COUNTER/TIMER] 8755A [PROM+ 1/0] 


ADDR/ 
DATA ALE RD WR TT 


STANDARD 
MEMORY 


nn ( (CS) 


RESET 


Figure 8. MCS-85™ System (Using Standard Memories) 
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BASIC SYSTEM TIMING Table 3. 8085A Machine Cycle Chart 


The 8085A has a multiplexed Data Bus. ALE is used as a MACHINE CYCLE 
strobe to sample the lower 8-bits of address on the Data 
Bus. Figure 9 shows an instruction fetch, memory read 


OPCODE FETCH (OF) 
MEMORY READ (MR) 


and I/O write cycle (as would occur during processing of MEMORY WRITE (Mw) 

the OUT instruction). Note that during the I/O write and 1/0 READ (1OR) 

read cycle that the I/O port address is copied on both the VO WRITE (low) 

ACKNOWLEDGE 
upper and lower half of the address. OF INTR NA) 
There are seven possible types of machine cycles. Which es (DLE (BI): DAD 
. ; ACK. OF 

of these seven takes place is defined by the status of the RST TRAP 
three status lines (1O/M, S1, So) and the three control HALT 


signals (RD, WR, and INTA). (See Table 3.) The status 
lines can be used as advanced controls (for device selec- 
tion, for example), since they become active at the T1 
state, at the outset of each machine cycle. Control lines 


(Seats & Buses | —Controt 


RD and WR become active later, at the time when the Machine coadlinbalie-ty linea 
transfer of data is to take place, so are used as command State 10/M |Ag-A15|ADo9-AD7 


lines. 

A machine cycle normally consists of three T states, with 
the exception of OPCODE FETCH, which normally has 
either four or six T states (unless WAIT or HOLD states 
are forced by tne receipt of READY or HOLD inputs). Any 
Tstate must be one of ten possible states, shown in Table 4. 


ooo oqo coc90o90oo © 


0 = Logic ‘‘0” TS = High Impedance 
1 = Logic “1” X = Unspecified 


* ALE not generated during 2nd and 3rd machine cycles of DAD instruction. 
t 10/M = 1 during Ta-Tg of INA machine cycle. 


DATA TO MEMORY 
OR PERIPHERAL 


(LOW ORDER DATA FROM 
ADDRESS) MEMORY 


(INSTRUCTION) 


DATA FROM MEMORY 
(1/0 PORT ADDRESS) 


STATUS } S,S9 (FETCH) |) 10 (READ) » 01 WRITE } 11 


Figure 9. 8085A Basic System Timing 
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ABSOLUTE MAXIMUM R ATINGS* “NOTICE: Stresses above those listed under “Absolute 


Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


. ‘ re) ° 
Ambient Temperature Under Bias. ........ tO a tion of the device at these or any other conditions above 
Storage Temperature.............. —65 C to +150 C those indicated in the operational sections of this 
Voltage on Any Pin specification is not implied. Exposure to absolute 
With Respect to Ground............ —0.5V to +7V maximum rating conditions for extended periods may 
Power Dissipation. ..............00. 1.5 Watt affect device reliability. 


D.C. CHARACTERISTICS (Ta = 0°C to 70°C, Voc = OV +5%, Vsg = OV; unless otherwise specified) 


[Symbot [Parameter ‘Win [Max [Units [Ton Conditions 
Tv | mt towvorae i os | ws fy | 
[vin | trout igh Vorage ‘| 20 | Voews |v |S 
[Vox | Ourout Low vorase | «dams | vam 
[Von | Output High Voge [aa || vty = 4000 
ee [to es oe [eee 
a 
Thug | Ovrput eakage——SSSS*dYC || < Ven Veo 
Ting owt tow ie neseT [as ws 
[Vine | tout High Level RESET | 24 | Vogts |v [ 
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A.C. CHARACTERISTICS (Ta = 0°C to 70°C, Voc = OV +5%, Vgg = OV) 


[2] -2l2] 
jemet | rummy ta "aE 


CLK Cycle Period | 320_| 
CLK Low Time (Standard CLK Loading) | a 


tat | CLK Rise and Fall Time | 
| ixKR 
| tyke 
_ tac 
| tacn | 
t 
tc 
tc 
t 


n 
XKR X, Rising to CLK Rising | 30 
| X,RisingtoClK Falling === | 30 S| 18 
A Ags.15 Valid to Leading Edge of Control 270 115 
tacL Ao.7 Valid to Leading Edge of Control 240 115 
T tan | Ao-rsValidtoValidDatain dT SSC*dL=SC«*STS 
oe | “RANA | 
READ (INTA 
| ta | Apts Valid Before Trailing Edge of ALE) | 115 _| 
[taut | _Ao-7 Valid Before Trailing Edge of ALE _—«|—«90._— 


= 
© 
© 


| tga iT, Ss Address (Ag-15) Valid After Control 
Width of Control Low (RD, WR, INTA) 
Edge of ALE 


Lee 
i 600 
ef Trailing Edge of Control to Leading Edge a 
of ALE | 
| tpw. | __ Data Valid to Trailing Edge of WRITE | 420 | 
| —stHape | HILDA to Bus Enable io A 150 
Bus Float After HLDA aa 150 
HLDA Valid to Trailing Edge of CLK | 110 | 
[thon | _ HOLD Hold Time ae 
I | 170 | 
| 0 
tha 


HOLD Setup Time to Trailing Edge of CLK 


q > Ld 


— 
RO 
© 


—) PO 
NO] N 
oc} © 


| thos 
INTR, RST, and TRAP Setup Time to 
; oe Falling Edge of CLK 160 


| 100 | 
Trailing Edge of ALE to Leading Edge La 
of Control 130 


AFR 
AL 

C 

L 

BE 

Lc ili 
tick ALE Low During CLK High 
ALE to Valid Data During Read ae 
ALE to Valid Data During Write fs 
ALE Widt 140 


ALE to READY Stable 


—_ 

oO} oO 
ww 
(o) 
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A.C. CHARACTERISTICS (Continued) 


trac | Trailing Edge of READ to Re-Enabling 
of Address 


READ | READ (or INTA)to ValidData ne to | READ (or INTA)to ValidData Data 
of Next Control 
tRDH | Data Hold Time After READ INTAl of _}_9 
tRYH READY Hold Time 


ee See ri ae 


NOTES: 

1. Ag-Ay5 address Specs apply to IO/M, So, and S; except Ag-Ays are undefined during T4-Tg of OF cycle 
whereas IO/M, So, andS, are stable. 

2. Test conditions: tcyc = 320Nns (8085A)/200 ns (8085A-2); C; = 150 pF. 

3. For all output timing where C; = 150pF use the following correction factors: 
25pF < C; < 150pF: —0.10ns/pF 
150pF < C, < 300pF: +0.30ns/pF 


4. Output timings are measured with purely capacitive load. 

5. All timings are measured at output votage V; =0.8V, Vy, =2.0V, and 1.5V with 20ns rise and fall time on inputs. 
6. To calculate timing specifications at other values of tcyc use Table 7. 

7. Data hold time is guaranteed under all loading conditions. 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 DEVICE 


UNDER 
TEST 


TEST POINTS < 


0.8 
0.45 


1 


C, INCLUDES JIG CAPACITANCE 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC "1" AND 0.45V FOR 
A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC “1" 


AND 0.8V FOR A LOGIC “0.” C. = 150 pF 
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Table 5. Bus Timing Specification as a Tcyc Dependent 


t 


AL — N 
LA ee N 
LL = 
LC ~~ 
AD ai (5/2 +N) T - 225 X 
RD = (3/2 +N) T - 180 X 
toa _ (1/2) T - 40 MIN 
DW ZZ 
" _ 
CC =. 
i _ 
= X 
= X 
_ X 
‘ _ 


MIN 

MIN 

- MA 

t MA 
MIN 

™ (1/2) T - 60 MIN 


ies — (4/2) T - 180 MAX 
NOTE: 


N is equal to the total WAIT states. 
T=tcyve: 


WAVEFORMS 


CLOCK 


X17 INPUT 


txkr |<— 


ty 
CLK y 
OUTPUT A 


<—___—_—_—__ t, —_______» 


= - : MIN 
faa = . MAX 
RD — MAX 

IN 


| 
(1/2) T - 40 
a (5/2 + N) T - 150 A 
t (3/2 + N) T - 150 A 
—_ (1/2) T - 40 MIN 
- (3/2 +N) T- 70 
C 
Cc 
1 


t — = 


MIN 
MIN 
MIN 
MIN 
MAX 
MIN 
MIN 
MIN 
MIN 
MAX 


ta, (2/2) T - 85 
t (1/2) T - 60 
= (1/2) T - 30 


i — (4/2) T - 130 
NOTE: 


N is equal to the total WAIT states. 
T=tcva 


a ED ly! | tf 


N 


1G 


txkr a 
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WAVEFORMS (Continued) 


- 
\2 
XR ADDRESS DATA IN bb 


—t p, ——> 


i tacR >| |< ‘a aed 


a=— tpt» 


RD/INTA 


= tic--—+. 


Sa a 


kK tick 


ADDRESS 


‘ toca 

k-K— Low 

ee. ee. 
‘ ADDR i DATA OUT , 

K ESS A AN 


READ OPERATION WITH WAIT CYCLE (TYPICAL) — SAME READY TIMING APPLIES 
TO WRITE 


| Twait 


{3 


ton 
MT em |) 


tayy trys tayH 


By 


NOTE 1: READY MUST REMAIN STABLE DURING SETUP AND HOLD TIMES. 
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WAVEFORMS (Continued) 


INTERRUPT AND HOLD 


BUS FLOATING* 


4] 
ai | 


tins tinH 


HOLD 


*10/M IS ALSO FLOATING DURING THIS TIME. 
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Instruction Code 
D7 Dg Ds D4 Dg D2 Dy 


MOVE, LOAD, AND STORE 


=) 


—_ 


—_- ee eS ee = OC SC SO 
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Operations 
Do Description 
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Table 6. Instruction Set Summary 


Move register to register 
Move register to memory 
Move memory to register 
Move immediate register 
Move immediate memory 
Load immediate register 
PairB & C 

Load immediate register 
PairD&E 

Load immediate register 
PairH & L 

Store A indirect 

Store A indirect 

Load A indirect 

Load A indirect 

Store A direct 

Load A direct 

Store H & L direct 

Load H & L direct 
Exchange D&E,H&L 
Registers 


Push register Pair B & 
C on stack 

Push register Pair D & 
E on stack 

Push register Pair H & 
L on stack 

Push A and Flags 

on stack 

Pop register Pair B & 
C off stack 

Pop register Pair D & 
E off stack 

Pop register Pair H & 
L off stack 

Pop A and Flags 

off stack 

Exchange top of 
stack, H&L 

H & L to stack pointer 
Load immediate stack 
pointer 

Increment stack pointer 
Decrement stack 
pointer 


Jump unconditional 
Jump on carry 
Jump on no carry 
Jump on zero 
Jump on no zero 
Jump on positive 
Jump on minus 
Jump on parity even 
Jump on parity odd 
H & L to program 
counter 


Call unconditional 
Call on carry 
Call on no carry 
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Instruction Code Operations 
Mnemonic | D7 Dg Ds D4 Dz Do D; Do Description 

0 0 1 0 O {Call on zero 
Call on no zero 
Call on positive 
Call on minus 


0 0 
0 0 
0 0 
0 0 
0 0 


D 
1 
1 0 
1 1 
1 1 
1 0 
1 ) 


Return on carry 
Return on no carry 
Return on zero 
Return on no zero 
Return on positive 
Return on minus 
Return on parity even 
Return on parity odd 


al ER, eek: cot. can aR, cay el tel 
Sel els. al a, a: cei ce, cai 
—-~ as eS |S OOCO0O OC 
oo-/-+-o0co+-+_0 
o--o0o0+/O0-+- 
oooo0o0°”coooo 
oooo0ooo°qo0o & 
oooo0oo0qcooco — 


Increment register 
Decrement register 
Increment memory 
Decrement memory 
Increment B & C 
registers 
IncrementD&E 
registers 

Increment H & L 
registers 
Decrement B & C 
Decrement D & E 
Decrement H & L 


Add register to A 
Add register to A 
with carry 

Add memory to A 
Add memory to A 
with carry 

Add immediate to A 
Add immediate to A 
with carry 

Add B&CtoH&L 
Add D&EtoH&L 
AddH&LtoH&L 
Add stack pointer to 
H&L 


Subtract register 
from A 

Subtract register from 
Awith borrow 
Subtract memory 

from A 

Subtract memory from 
Awith borrow 
Subtract immediate 
from A 


Subtract immediate 
from A with borrow 
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NOTES: 


instruction Code 
D7 Deg Ds D4 Dg Do D, 


oo oo°oo oo 


S 
S 
S 
S 
0 
0 
0 
0 
0 
0 
0 
0 


Table 6-1. 


And register with A 
Exclusive OR register 
with A 

OR register with A 
Compare register with A 
And memory with A 
Exclusive OR memory 
with A 

OR memory with A 
Compare 

memory with A 

And immediate with A 
Exclusive OR immediate 
with A 

OR immediate with A 
Compare immediate 
with A 


Rotate A left 

Rotate A right 

Rotate A left through 
carry 

Rotate A right through 
carry 


Instruction Set Summary (Cont’d) 


Operations 
Do Description 


Instruction Code 
D7 Dg Ds D4 D3 D2 Dy Do 


Operations 
Description 


Complement 
A 


SPECIALS 
CMA 


STC 
CMC 


Set carry 
Complement 
carry 

Decimal adjust A 


DAA 


Enable Interrupts 
Disable Interrupt 
No-operation 

Halt 


Read Interrupt Mask 
Set Interrupt Mask 


1. DDS or SSS: B 000, C 001, D 010, E011, H 100, L 101, Memory 110, A 111. 
2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags. 


*All mnemonics copyrighted ©Intel Corporation 1976. 
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8085AH/8085AH-2 
SINGLE CHIP 8-BIT HMOS MICROPROCESSORS 
=» Single +5V Power Supply = Four Vectored Interrupt Inputs (One is 


Non-Maskable) Plus an 8080A- 


= 100% Software Compatible with 8080A Compatible Interrupt 


# 1.3 ws Instruction Cycle (8085AH); = Serial In/Serial Out Port 

0.8 us (8085AH-2) = Decimal, Binary and Double Precision 
= On-Chip Clock Generator (with Arithmetic 

External Crystal, LC or RC Network) =» Direct Addressing Capability to 64k 


f 
= On-Chip System Controller; Advanced PSS CU MeIONY 


Cycle Status Information Available a 30% Less Icc Than 8085A 
for Large System Control » +10% Vcc 


The Intel® 8085AH is a complete 8-bit parallel Central Processing Unit (CPU). Its instruction set is 100% 
software compatible with the 8080A microprocessor, and it is designed to improve the present 8080A’s 
performance by higher system speed. Its high level of system integration allows a minimum system of three 
IC’s [B085AH (CPU), 8156 (RAM/IO) and 8355/8755A (ROM/PROM/IO)] while maintaining total system expand- 
ability. The 8085AH-2 is a faster version of the 8085AH. 


The 8085AH incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) 
provided for the 8080A, thereby offering a high level of system integration. 


The 8085AH uses a multiplexed data bus. The address is split between the 8-bit address bus and the 8-bit data 
bus. The on-chip address latches of 8155H/8156H/8355/8755A memory products allow a direct interface with 
the 8085AH. 


INTA RST6.5 TRAP 
INTR RST 5.5 RST75 sid soo 


INTERRUPT CONTROL SERIAL 1/0 CONTROL 
| 8.BIT INTERNAL DATA BUS | 


J Vcc 

py HOLD 

bJ HLDA 

[J CLK (OUT) 


ACCUMULATOR | 
(8) 


FLAG |S! 
LOGIC REG 
UNIT — (8) REGISTER 
(ALU) Cc REG ARRAY 
18) ENCODING STACK POINTER 6 


(16) 
PROGRAM COUNTER 
INCREMENTER/DECREMENTER 
ADORESS LATCH “ 


— A As 
TIMING AND CONTROL 
1 RESET 
X2 GEN CONTROL STATUS OMA a II f 
CLK OUT RD WR ALE SoS; 10/M ye RESET OUT 
EADY nOLe RESET IN \oueat BUS ADORESSDATA Bus 
Figure 1. 8085AH CPU Functional Block Diagram Figure 2. 8085AH Pin 


Configuration 


6-26 


intel 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias ....0°C to 70°C 
Storage Temperature .......... —65°C to +150°C 
Voltage on Any Pin 

With Respect to Ground ........ —0.5V to +7V 
Power Dissipation .................005- 1.5 Watt 


8085AH/8085AH-2 


PRELIMINARY 


“NOTICE: Stresses above those listed under ‘‘Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS 


(Ta = 0°C to 70°C, Voc = 5V +10%, Vgg = OV; unless otherwise specified) 


Power Supply Current 


se nae 
io | ouput teatage 
Vin | _InputlowLevel,RESeT [| -05 | +08 | V| | 
inputhighuevel ReseT | 24 | Voowos | v | 
CONN 


p20 | ma 
| uA | OV<Vin<Veo 


OV < Vin < Voc 
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A.C. CHARACTERISTICS (tT, = 0°C to 70°C, Vec = 5V +10%, Vgg = OV) 
CLK Gycle Period | 320 | 2000 | 200 | 2000 | ns 
| ty | clk LowTime (Standard CLK Loading) | 80 | | 40 | | ins 
| te | CLKHigh Time (Standard CLK Loading) | 120 | | 70 | |g 
b oxKR Xz Rising to CLK Rising P30 

Ag-15 Valid to Leading Edge of Control 

{ 
2 


oO 
on 


Address Float After Leading Edge of 
READ (INTA 
Ag-15 Valid Before Trailing Edge of ALE!"! 1 


t 

A 
| tap Ao-15 Valid to Valid Data In a 

ts p15 
Ao-7 Valid Before Trailing Edge of ALE | go 
READY Valid from Address Valid f 


oe | Min, | Max. | Min, | Max. | 
CLK Rise and Fall Time a a ee eee 
tacL Ag-7 Valid to Leading Edge of Control ae | 
Address (Ag.15) Valid After Control 120 


tcc Width of Control Low (RD, WR, INTA) 

Edge of ALE | 400 
teL Trailing Edge of Control to Leading Edge 

of ALE 50 


| tow | Data Valid to Trailing Edge of WRITE | 420, | | ins 
Twas | WLoAtoBusenabie TS] |) te 
Ttwaar | BusFioatafterHuDA——=S=~dYSCSC~‘dtCt | SS~d;C | 
er 
Ttuon | HOLDHodtime dC ee ee 
| typos | HOLD Setup Time to Trailing Edge of CLK Te ee 


Tain | NTRHolgTime | 

eee Tel te | 
Falling Edge of CLK 160 150 

| tia | Address Hold Time afteraLE | too, | ||| 

pe Pamerenreemiree Te [Te | T . 
of Control 130 

SETI 

ALE to Valid Data During Read a a ee ee 

| tipw | ALEtoValid DataDuringwrite =| =| 200 | S| 120 | is _ 


ptf Atewiath iE tts | | ts 
Tuny | ALEtoREADYSabie——SSSCSCS~dtCSCS 


ee ee 
Trailing Edge of READ to Re-Enabling 
tm [ata mmm mrecnenne To | | | | 
Ting | RERB(oriTayovanwoae | wm] we] 


try Control Trailing Edge to Leading Edge 
of Next Control 400 
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A.C. CHARACTERISTICS (Continued) 


8085AH'2! 8085AH-2!2! 


Parameter 


NOTES: 

1. Ag-Ays5 address specifications apply to 10/M, So, and S; except Ag-A;5 are undefined during T4-Tg of OF cycle whereas IO/M, So, and S, 
are stable. 

2. Test Conditions: tcyc = 320 ns (8085AH)/200 ns (8085AH-2); C, = 150 pF. 

3. For all output timing where C, # 150 pF use the following correction factors: 25 pF < C, < 150 pF; —0.10 ns/pF: 150 pF < C, = 300 pF; 
+0.30 ns/pF. | 

4. Output timings are measured with purely capacitive load. 

5. All timings are measured at output voltage V, = 0.8V, Vy = 2.0V, and 1.5V with 20 ns rise and fall time on inputs. 

6. Data hold time is guaranteed under all loading conditions. 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 DEVICE 


> TEST POINTS a gs 

C, = 150 pF 
0.8 ' 
0.45 


L 


C, INCLUDES JIG CAPACITANCE 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC “1” 
AND 0.8V FOR A LOGIC “0.” 


C. = 150 pF 
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8155/8156/8155-2/8156-2 
2048 BIT STATIC MOS RAM WITH I/O PORTS AND TIMER 


= 256 Word x 8 Bits a 1 Programmable 6-Bit I/O Port 

a Single +5V Power Supply = Programmable 14-Bit Binary Counter/ 
; ; Timer 

= Compictely static Uperation = Compatible with 8085A and 8088 CPU 

a Internal Address Latch = Multiplexed Address and Data Bus 

= 2 Programmable 8 Bit I/O Ports = 40 Pin DIP 


The 8155 and 8156 are RAM and I/O chips to be used in the 8085A and 8088 microprocessor systems. The RAM portion 
is designed with 2048 static cells organized as 256 x 8. They have a maximum access time of 400 ns to permit use with 
no wait states in 8085A CPU. The 8155-2 and 8156-2 have maximum access times of 330 ns for use with the 8085A-2 and 


the full speed 5 MHz 8088 CPU. 

The I/O portion consists of three general purpose |/O ports. One of the three ports can be programmed to be status 
pins, thus allowing the other two ports to operate in handshake mode. 

A 14-bit programmable counter/timer is also included on chip to provide either a square wave or terminal count pulse 
for the CPU system depending on timer mode. 


STATIC 
RAM 


10/M 


pc, (11 Vec 

Pc, (2 re; 

a TIMER IN [J 3 PC, 
~ - Php RESET C] 4 PCy 

Pc, O15 PB, 

ADy-7 256 X 8 TIMER OUT L] 6 PB 

7 

‘ CEORCE*(] 8 PB, 
- cs: RD 9 PB, 
——— we fro S155 a1 ve, 
ab ALE 8155-2/ PB, 
a ~~ 8156-2 PBy 
RESET * A; ra 
2 6 

AD, PA, 


TIMER CLK AD, PA, 

TIMER OUT Vsg (OV) AD, PA, 

AD, PA, 

*: 8155/8155-2 = CE, 8156/8156-2 = CE - Ao 
Figure 1. Block Diagram Figure 2. Pin Configuration 
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Table 1. Pin Description 


ADo-7 /O Address/Data: 3-state Address/Data lines that interface with the CPU lower 8-bit Address/Data Bus. 
data is either written into the chip or read from the chip, depending on the WR or RD input signal. 
Write Control: Input low on this line with the Chip Enable active causes the data on the Address/Data 


Symbol Name and Function 
The 8-bit address is latched into the address latch inside the 8155/86 on the falling edge of ALE. The 
iia Chip Enable: On the 8155, this pin is CE and is ACTIVE LOW. On the 8156, this pin is CE and is ACTIVE 
HIGH. 
bus to be written to the RAM or I/O ports and command/status register, depending on |O/M. 


RESET Reset: Pulse provided by the 8085A to initialize the system (connect to 8085A RESET OUT). Input 
high on this line resets the chip and initializes the three I/O ports to input mode. The width of RESET 
pulse should typically be two 8085A clock cycle times. 
address can be either for the memory section or the I/O section depending on the |O/M input. The 8-bit 
Read Control: Input low on this line with the Chip Enable active enables and ADo-7 buffers. If |O/M pin 
is low, the RAM content will be read out to the AD bus. Otherwise the content of the selected I/O port or 
command/status registers will be read to the AD bus. 


ALE Address Latch Enable: This control signal latches both the address on the ADo-7 lines and the state 
of the Chip Enable and IO/M into the chip at the falling edge of ALE. 


1O/M i 1/0 Memory: Selects memory if low and I/O and command/status registers if high. 
/O 


Port A: These 8 pins are general purpose |/O pins. The in/out direction is selected by programming 


PAo-7(8) 
the command register. 
PBo-7(8) /O Port B: These 8 pins are general purpose |/O pins. The in/out direction is selected by programming 
the command register. 
/O 


PCo-_5(6) PortC: These 6 pins can function as either input port, output port, or as control signals for PA and PB. 
Programming is done through the command register. When PCp_s are used as control signals, they 
will provide the following: 

PCy — A INTR (Port A Interrupt) 

PC, — ABF (Port A Buffer Full) 

PCy — A STB (Port A Strobe) 

PC; — B INTR (Port B Interrupt) 

PC, — B BF (Port B Buffer Full) 

PC; — B STB (Port B Strobe) 


[TiMERIN |__| Timer input: Inputto the countertimer ——~=SC~“‘“S*S*S*“‘“S*S*S*‘“‘“~*S*~“‘“~S~C~SCS*S*S 

TIMER OOT | 0 | Timer Output: This output an be elthera square wave orapulse depending onthe imermade 

[ec | | Volage: “Svotsupy 
Vss 


Ground: Ground reference. 


6-31 AFN-00201C 


intel 8155/8156/8155-2/8156-2 


FUNCTIONAL DESCRIPTION 


The 8155/8156 contains the following: ee 


© 2k Bit Static RAM organized as 256 x 8 
e Two 8-bit I/O ports (PA & PB) andone6-bit I/O port (PC) 
@ 14-bit timer-counter 


The I|O/M (lO/Memory Select) pin selects either the five 
registers (Command, Status, PAo-7, PBo-7, PCo-5) or 
the memory (RAM) portion. 


The 8-bit address on the Address/Data lines, Chip Enable 
input CE or CE, and IO/M are all latched on-chip at the 
falling edge of ALE. 


Figure 3. 8155/8156 Internal Registers 


CE (8155) 


OR 


ADDRESS DATA VALID 
eee 


NOTE: FOR DETAILED TIMING INFORMATION, SEE FIGURE 12 AND A.C. CHARACTERISTICS. 


Figure 4. 8155/8156 On-Board Memory Read/Write Cycle 
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PROGRAMMING OF THE 
COMMAND REGISTER 


The command register consists of eight latches. Four 
bits (0-3) define the mode of the ports, two bits (4-5) 
enable or disable the interrupt from port C when it acts 
as control port, and the last two bits (6-7) are for the timer. 


The command register contents can be altered at any 
time by using the I/O address XXXXX000 during a WRITE 
operation with the Chip Enable active and 1O/M = 1. The 
meaning of each bit of the command byte is defined in 
Figure 5. The contents of the command register may 
never be read. 


DEFINES PAg.7 
0 = INPUT 
1 = OUTPUT 


; 


DEFINES PBo.7 


00 = ALT 1 
11= ALT 2 
01 = ALT 3 
10 = ALT 4 


DEFINES PCo.5 


ENABLE PORT A 
INTERRUPT 


ENABLE PORT B 
INTERRUPT 


1 = ENABLE 
0 = DISABLE 


NOP — DO NOT AFFECT COUNTER 
OPERATION 


STOP — NOP IF TIMER HAS NOT STARTED; 
STOP COUNTING IF THE TIMER IS 
RUNNING 


STOP AFTER TC — STOP IMMEDIATELY 
AFTER PRESENT TC IS REACHED (NOP 
IF TIMER HAS NOT STARTED) 


START — LOAD MODE AND CNT LENGTH 
AND START IMMEDIATELY AFTER 
LOADING (IF TIMER IS NOT PRESENTLY 
RUNNING). IF TIMER IS RUNNING, START 
THE NEW MODE AND CNT LENGTH 
IMMEDIATELY AFTER PRESENT TC 

IS REACHED. 


TIMER COMMAND 


Figure 5. Command Register Bit Assignment 
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READING THE STATUS REGISTER 


The status register consists of seven latches, one foreach 
bit; six (0-5) for the status of the ports and one (6) for the 
status of the timer. 


The status of the timer and the I/O section can be polled 
by reading the Status Register (Address XXXXX000). 
Status word format is shown in Figure 6. Note that you 
may never write to the status register since the command 
register shares the same I/O address and the command 
register is selected when a write to that address is issued. 


AD7 ADg ADs ADg AD3 AD2 AD; ADo 
x INTE] B JINTRIINTE INTR 
TIMER 
oN B BF B A A 


PORT A INTERRUPT REQUEST 


PORT A BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 


PORT A INTERRUPT ENABLE 
PORT B INTERRUPT REQUEST 


PORT B BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 


PORT B INTERRUPT ENABLED 


TIMER INTERRUPT (THIS BIT 
1S LATCHED HIGH WHEN 
TERMINAL COUNT IS 
REACHED, AND IS RESET TO 
LOW UPON READING OF THE 
C/S REGISTER AND BY 
HARDWARE RESET). 


Figure 6. Status Register Bit Assignment 
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INPUT/OUTPUT SECTION 


The I/O section of the 8155/8156 consists of five registers: 
(See Figure 7.) 


¢ Command/Status Register (C/S) — Both registers are 
assigned the address XXXXX000. The C/S address 
serves the dual purpose. 


When the C/S registers are selected during WRITE 
operation, a command is written into the command 
register. The contents of this register are not accessible 
through the pins. 


When the C/S (XXXXX000) is selected during a READ 
operation, the status information of the I/O ports and 
the timer becomes available on the ADo-7 lines. 


e PA Register — This register can be programmed to be 
either input or output ports depending on the status of 
the contents of the C/S Register. Also depending on 
the command, this port can operate in either the basic 
mode or the strobed mode (See timing diagram). The 
I/O pins assigned in relation to this register are PAo-7. 
The address of this register is XXXXX001. 


e PB Register — This register functions the same as PA 
Register. The I/O pins assigned are PBo-7. The address 
of this register is XXXXX010. 


e PC Register — This register has the address XXXXX011 
and contains only 6 bits. The 6 bits can be program- 
med to be either input ports, output ports or as control 
signals for PA and PB by properly programming the 
AD2 and ADs3 bits of the C/S register. 


When PCo-5 is used as a control port, 3 bits are 
assigned for Port A and 3 for Port B. The first bit is an 
interrupt that the 8155 sends out. The second is an 
Output signal indicating whether the buffer is full or 
empty, and the third is an input pin to accept a strobe 
for the strobed input mode. (See Table 2.) 


When the ‘C’ port is programmed to either ALT3 or ALT4, 
the control signals for PA and PB are initialized as follows: 


CONTROL INPUT MODE OUTPUT MODE 


BF Low Low 
INTR Low High 
STB Input Control Input Control 
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1/0 ADDRESS* 
[a7 | a6 | as] aa x3 2 || 
X|X10 


x 


SELECTION 


Interval Command/Status Register 
General Purpose |/O Port A 

General Purpose |/O Port B 

Port C — General Purpose |/O or Control 
Low-Order 8 bits of Timer Count 

High 6 bits of Timer Count and 2 bits 

of Timer Mode 


X 
X 
X 
X 
X 
X 


<x «KKK OK 


X: Don't Care. owt _ 
t: 1/O Address must be qualified by CE = 1 (8156) or CE=0 (8155) and |O/M =1 in order 
to select the appropriate register. 


Figure 7. I/O Port and Timer Addressing Scheme 


Figure 8 shows how I/O PORTS A and B are structured 
within the 8155 and 8156: 


8155/8156 
ONE BIT OF PORT A OR PORT B 


OUTPUT 
> 


OUTPUT 
ENABLE 


MODE(4) 


INTERNAL DATA BUS 


be ee ce oe 


READ PORT 


NOTES: 

(1) OUTPUT MODE 
(2) SIMPLE INPUT 
(3) STROBED INPUT 


READ PORT = (10/M=1) ¢ (RD=0) e (CE ACTIVE) e (PORT ADDRESS SELECTED) 
WRITE PORT = (10/M=1) @ (WR=0) e (CE ACTIVE) e (PORT ADDRESS SELECTED) 


(4) =1FOR OUTPUT MODE 
= 0 FOR INPUT MODE 


MULTIPLEXER 
CONTROL 


Figure 8. 8155/8156 Port Functions 
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Table 2. Port Control Assignment 


Input Port Output Port A INTR (Port A Interrupt) A INTR (Port A Interrupt) 
Input Port Output Port A BF (Port A Buffer Full) A BF (Port A Buffer Full) 


Input Port Output Port A STB (Port A Strobe) A STB (Port A Strobe) 
Input Port Output Port Output Port B INTR (Port B Interrupt) 
Input Port Output Port Output Port B BF (Port B Buffer Full) 


Input Port Output Port Output Port B STB (Port B Strobe) 


Note in the diagram that when the I/O ports are pro- 
grammed to be output ports, the contents of the output 
ports can still be read by a READ operation when appro- 
priately addressed. 


The outputs of the 8155/8156 are “glitch-free” meaning 
that you can write a “1” to a bit position that was previ- TO 8085 RST INPUT 


ously “1” and the level at the output pin will not change. 
A INTR (SIGNALS DATA RECEIVED) 


Note also that the output latch is cleared when the port AGE (SIGNALE DATA READY 


enters the input mode. The output latch cannot be loaded S155/8156 

by writing to the port if the port is in the input mode. The PORTC = = or ar eee PERIPHERAL 
result is that each time a port mode is changed from input a Gi SIG WALLS GUE (6 FULL) INTERFACE 
to output, the output pins will go low. When the 8155/56 g INER ISGNALS BUFFER 

is RESET, the output latches are all cleared and all 3 ports READY FOR READING) 


enter the input mode. 

When in the ALT 1 or ALT 2 modes, the bits of PORT C 
are structured like the diagram above in the simple input 
or output mode, respectively. 


Reading from an input port with nothing connected to the 
pins will provide unpredictable results. 


Figure 9 shows how the 8155/8156 I/O ports might be 
configured in a typical MCS-85 system. Figure 9. Example: Command Register = 00111001 


TO 8085 INPUT PORT (OPTIONAL) 


TO 8085 RST INPUT 
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TIMER SECTION 


The timer is a 14-bit down-counter that counts the TIMER 
IN pulses and provides either a square wave or pulse 
when terminal count (TC) is reached. 


The timer has the I/O address XXXXX100 for the low order 
byte of the register and the I/O address XXXXX101 for 
the high order byte of the register. (See Figure 7.) 


To program the timer, the COUNT LENGTH REG is 
loaded first, one byte at a time, by selecting the timer 
addresses. Bits 0-13 of the high order count register will 
specify the length of the next count and bits 14-15 of the 
high order register will specify the timer output mode 
(see Figure 10). The value loaded into the count length 
register can have any value from 2H through 3FFH in 
Bits 0-13. 


7 6 5 4 3 2 1 0 
Lo [oof ra] o[ mo] of 
ET | ARRESTS INeY SS, a 


TIMER MODE 


MSB OF CNT LENGTH 


7 6 5 4 3 2 1 0 
Een UTR Es 


LSB OF CNT LENGTH 


Figure 10. Timer Format 


There are four modes to choose from: M2 and M1 define 
the timer mode, as shown in Figure 11. 


TIMER OUT WAVEFORMS: 


START TERMINAL TERMINAL 
COUNT COUNT COUNT 


{ 


. SINGLE 
SQUARE WAVE 


. CONTINUOUS 
SQUARE WAVE 


. SINGLE 
PULSE ON 
TERMINAL COUNT 


. CONTINUOUS 
PULSES 


Figure 11. Timer Modes 


Bits 6-7 (TM2 and TM1) of command register contents 
are used to start and stop the counter. There are four 
commands to choose from: 


TMa2 TM14 

0 0 NOP— Donotaffect counter operation. 

0 1 STOP — NOP if timer has not started; 
stop counting if the timer is running. 

1 0 STOP AFTER TC — Stop immediately 
after present TC is reached (NOP if timer 
has not started) 

1 1 START — Load mode and CNT length 


and start immediately after loading (if 
timer is not presently running). If timer 
is running, start the new mode and CNT 
length immediately after present TC is 
reached. 


Note that while the counter is counting, you may load a 
new count and mode into the count length registers. 
Before the new count and mode will be used by the 
counter, you must issue a START command to the 
counter. This applies even though you may only want to 
change the count and use the previous mode. 


In case of an odd-numbered count, the first half-cycle 
of the squarewave output, which is high, is one count 
longer than the second (low) half-cycle, as shown in 
Figure 12. 


os A pe 
BA be: 


NOTE: 5 AND 4 REFER TO THE NUMBER OF CLOCKS IN THAT TIME PERIOD 


Figure 12. Asymmetrical Square-Wave Output 
Resulting from Count of 9 


The counter in the 8155 is not initialized to any particular 
mode or count when hardware RESET occurs, but RESET 
does stop the counting. Therefore, counting cannot begin 
following RESET until a START command is issued via 
the C/S register. 


Please note that the timer circuit on the 8155/8156 chip 
is designed to be a square-wave timer, not an event 
counter. To achieve this, it counts down by twos twice 
in completing one cycle. Thus, its registers do not con- 
tain values directly representing the number of TIMER IN 
pulses received. You cannot load an initial value of 1 into 
the count register and cause the timer to operate, as its 
terminal count value is 10 (binary) or 2 (decimal). (For 
the detection of single pulses, it is suggested that one 
of the hardware interrupt pins on the 8085A be used.) 
After the timer has started counting down, the values 
residing in the count registers can be used to calculate 
the actual number of TIMER IN pulses required to com- 
plete the timer cycle if desired. To obtain the remaining 
count, perform the following operations in order: 


1. Stop the count 

2. Read in the 16-bit value from the count length registers 
3. Reset the upper two mode bits 
4 


. Reset the carry and rotate right one position all 16 bits 
through carry 


5. If carry is set, add 1/2 of the full original count (1/2 full 
count — 1 if full count is odd). 


Note: If you started with an odd count and you read the 
count length register before the third count pulse occurs, 
you will not be able to discern whether one or two counts 
has occurred. Regardless of this, the 8155/56 always 
counts out the right number of pulses in generating the 
TIMER OUT waveforms. 
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EXAMPLE PROGRAM 


Following is an actual sequence of program steps that adjusts the 8155/56 count register 
contents to obtain the count, extracted from Intel® Application Note AP38. “Application 
Techniques for the Intel 8085A Bus.” First store the value of the full original count in register 
HL of the 8085A. Then stop the count to avoid getting an incorrect count value. Then sample 
the timer-counter, storing the lower-order byte of the current count register in register C and 
the higher-order count byte in register B. Then, call the following 8080A/8085A subroutine: 


ADJUST, 78 MOV A,B ;Load accumulator with upper half 
; Of count. 


E63F ANI 3F ‘Reset upper 2 bits and clear carry. 
IF RAR ;Rotate right through carry. 

47 MOV B,A ‘Store shifted value back in B. 

79 MOV A,C ;Load accumulator with lower half. 
iF RAR ;Rotate right through carry. 

4F MOV C,A ‘Store lower byte in C. 


D@ RNC ‘If in 2nd half of count, return. 
;If in 1st half, go on. 


3F CMC ‘Clear carry. 


7C MOV A,H ‘Divide full count by 2. (If HL 
;is odd, disregard remainder.) 


1F RAR 

67 MOV H,A 

7D MOV A,L 

1F RAR 

6F MOV L,A 

09 DAD B ‘Double-precision add HL and BC. 
a4 MOV B,H ‘Store results back in BC. 

4D MOV C,L 

C9 RET ;Return. 


After executing the subroutine, BC will contain the remaining count in the current count cycle. 
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8085A MINIMUM SYSTEM CONFIGURATION 


Figure 13a shows a minimum system using three chips, 
containing: 


256 Bytes RAM 
2K Bytes ROM 
38 1/O Pins 

1 Interval Timer 
4 Interrupt Levels 


8085 MINIMUM SYSTEM CONFIGURATION 


8355 [ROM + 1/0} 
OR 


8755A [PROM + I/O] 


Figure 13a. 8085A Minimum System Configuration (Memory Mapped I/O) 
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8088 FIVE CHIP SYSTEM 

Figure 13b shows a five chip system containing: 
e 1.25K Bytes RAM 

e 2K Bytes ROM 

e 38 1/O Pins 

e@ 1 Interval Timer 

® 2 Interrupt Levels 


1O/M TIMER 
reset OUT 


+P LTT Looe 


i Vss Voc Vop 


Eee 
a ae 
=e 


> 
= 
! > 
© 


Figure 13b. 8088 Five Chip System Configuration 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ................ 0°C to +70°C 
Storage Temperature ............... -65°C to +150°C 
Voltage on Any Pin 

With RespecttoGround ............... -0.5V to +7V 
POWSr DIGSIPGHON ci cia cae uaavaienscacon cons va 1.5W 


*“NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 


D.C. CHARACTERISTICS (ty, =0°C to 70°C; Voc = 5V + 5%) 


Input Low Voltage 
Input High Voltage 


Output Low Voltage 


| 
. 


Input Leakage 
Output Leakage Current 


Vec Supply Current 


l1L(CE) | Chip Enable Leakage 
8155 
8156 
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A.C. CHARACTERISTICS (1, =0°c to 70°C; Voc = 5V + 5%) 
8155/8156 


8155-2/8156-2 
MAX. 


UNITS 


SYMBOL | PARAMETER 
Address to Latch Set Up Time 
Address Hold Time after Latch 


| tie =| Latch to READ/WRITE Control! 


w 
j=) 


Valid Data Out Delay from READ Control 170 
Address Stable to Data Out Valid 


Latch Enable Width 


Data Bus Float After READ 


~S 
i=) 


tAL 

tLA 

tLe 

tRD 

tLL 

te. READ/WRITE Control to Latch Enable 
tcc READMRITE Control Width 

tow Data In to WRITE Set Up Time 

two Data In Hold Time After WRITE 
trv 

twp 

tpR 

tss 

ts) 

TTL 

tTH 

ty 

t2 


So 


200 
WRITE to Port Output 
Port Input Setup Time 


~ 
i=) 


Port Input Hold Time 
Strobe to Buffer Full 


Po tey Recovery Time Between Controls 


tsBr 


a) ll>| [e-fella|-l| | lelalé 


Strobe Width 


P tss 

READ to INTR Off 

Port Setup Time to Strobe Strobe 
Port Hold Time After Strobe 
Strobe to Buffer Empty 

WRITE to Buffer Full 


| tw WRITE to INTR Off 
Ptr TIMER-IN to TIMER-OUT Low 
| tTH TIMER-IN to TIMER-OUT High 


tRDE Data Bus Enable from READ Control 


fr TIMER-IN Low Time 
po tz | TIMER-IN High Time 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 2.0 


— TEST POINTS < 


0.8 0.8 


DEVICE 
UNDER 
TEST 


C, = 150 pF 


0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC "1" AND 0.45V FOR 


A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" ican’ 
AND 0.8V FOR A LOGIC “0.” L= 


50 pF 
C, INCLUDES JIG CAPACITANCE 
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WAVEFORMS 
READ CYCLE 


OR 


CE (8156) 


DATAVALID VALID 
¢ X_ oaravauo | 


WRITE CYCLE 


CE (8156) 


ADDRESS DATA VALID 
| 
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STROBED INPUT MODE 


INPUT DATA 
FROM PORT 


STROBED OUTPUT MODE 


STROBE 


OUTPUT DATA 
TO PORT 
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BASIC INPUT MODE 


DATA BUS* 


BASIC OUTPUT MODE 


DATA BUS* 


OUTPUT 


*DATA BUS TIMING IS SHOWN IN FIGURE 7. 


TIMER OUTPUT COUNTDOWN FROM 5 TO 1 


LOAD COUNTER FROM CLR ~] RELOAD COUNTER FROM CLR ——> 


| 2 | 1 | 2 | 1 


tf 


TIMER IN 


TIMER OUT \ 4 
(PULSE) ‘ (NOTE1) 
= =— ee 


TIMER OUT \ 7 
(SQUARE WAVE) \ (NOTE 1) y, 


Qn ee ee ee so oe oe oe od 


NOTE 1: THE TIMER OUTPUT IS PERIODIC IF IN AN AUTOMATIC 
RELOAD MODE (M, MODE BIT = 1) 
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PRELIMINARY 


8155H/8156H/8155H-2/8156H-2 
2048 BIT STATIC HMOS RAM WITH I/O PORTS AND TIMER 


256 Word x 8 Bits 


# Single +5V Power Supply 


Completely Static Operation 


a Internal Address Latch 

s 2 Programmable 8-Bit !/O Ports 
a 30% Less Icc Than 8155 

= 1 Programmable 6-Bit |/O Port 


Programmable 14-Bit Binary Counter/ 
Timer 


Compatible with 8085A, 8085AH, and 
8088 CPU 


Multiplexed Address and Data Bus 
40 Pin DIP 
+10% Vec 


The 8155H and 8156H.are RAM and |/O chips to be used in the 8085A, 8085AH, and 8088 microprocessor 
systems. The RAM portion is designed with 2048 static cells organized as 256 x 8. They have a maximum 
access time of 400 ns to permit use with no wait states in the 8085A and 8085AH CPUs. The 8155H-2 and 
8156H-2 have maximum access times of 330 ns for use with the 8085A-2, 8085AH-2 and the full speed 5 MHz 
8088 CPU. 


The I/O portion consists of three general purpose I/O ports. One of the three ports can be programmed to be 
status pins, thus allowing the other two ports to operate in handshake mode. 


\ 


A 14-bit programmable counter/timer is also included on chip to provide either a square wave or terminal 
count pulse for the CPU system depending on timer mode. 


Voc (+5V) 
Vss (0V) 


TIMER CLK 
TIMER OUT 


*:8155H/8155H-2 = CE, 8156H/8156H-2 = CE. 


Figure 1. Block Diagram 
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10/M 
CE OR CE* 


Pc, 1 

pc, (j2 

TIMER IN C3 
Reset (] 4 

pc, 15 

TIMER OUT LJ 6 
7 

8 

9 


Figure 2. Pin Configuration 
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PRELIMINARY 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ........... 0°C to +70°C 
Storage Temperature .......... —65°C to +150°C 
Voltage on Any Pin 

With Respect to Ground ........ —0.5V to +7V 
Power Dissipation: ...ssccsstadavcaentas 1.5 Watt 


D.C. CHARACTERISTICS 


Tsymbol| Parameter 


Input Leakage 
Output Leakage Current 
Voc Supply Current 


Chip Enable Leakage 
8155H 
8156H 
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“NOTICE: Stresses above those listed under ‘‘Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


(Ta = 0°C to 70°C, Veg = 5V +10%) 
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A.C. CHARACTERISTICS (Ty, = 0°C to 70°C, Voc = 5V +10%) 


8155H/8156H 8155H-2/8156H-2 
(Preliminary) 
Parameter 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 
DEVICE 
2.0 UNDER 
TEST 

> TEST POINTS < C, = 150 pF 


ar 
=k, 


40 


o 
_ 


rs} 
Oo 
™“ & 


= 
oO 
fo) 


—_ 
oO 


PS} PS} 
Oo 


5/5 
— 
oO 
io) 


5/5 
i=) 
=) 


~~ 
oO 


—_ 


0.8 0.8 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC 0." TIMING ee ARE MADE AT 2.0V FOR A LOGIC “1° C, = 
AND 0.8V FOR A LOGIC * C. INCLUDES JIG CAPACITANCE 
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8185/8185-2 
1024 x 8-BIT STATIC RAM FOR MCS-85° 


= Multiplexed Address and Data Bus = Low Standby Power Dissipation 


gw Directly Compatible with 8085A 


and iAPX 88 Microprocessors @ Single +5V Supply 


= Low Operating Power Dissipation g High Density 18-Pin Package 


The Intel® 8185 is an 8192-bit static random access memory (RAM) organized as 1024 words by 8-bits using N-channel 
Silicon-Gate MOS technology. The multiplexed address and data bus allows the 8185 to interface directly to the 8085A and 
iAPX 88 microprocessors to provide a maximum level of system integration. 


The low standby power dissipation minimizes system power requirements when the 8185 is disabled. 


The 8185-2 is a high-speed selected version of the 8185 that is compatible with the 5 MHz 8085A-2 and the full speed 5 MHz 
iAPX 88. 


ADop-AD7 


X-Y DECODE 


ADo-AD7 | ADDRESS/DATA LINES 
Ag, Ag _| ADDRESS LINES 


cS CHIP SELECT 
CE, CHIP ENABLE (I0/M) 
CE2 CHIP ENABLE 
ALE ADDRESS LATCH ENABLE 
WR WRITE ENABLE 
Figure 1. Block Diagram Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 


Veco V, 
The 8185 has been designed to provide for direct interface Oh i. 
to the multiplexed bus structure and bus timing of the 
8085A microprocessor. 


At the beginning of an 8185 memory access cycle, the 8- 
bit address on ADo-7, Ag and Ag, and the status of CE; and 
CE? are all latched internally in the 8185 by the falling edge 
of ALE. If the latched status of both CE; and CE2 are 
active, the 8185 powers itself up, but no action occurs until 
the CS line goes low and the appropriate RD or WR control 
signal input is activated. 


The CS input is not latched by the 8185 in order to allow 
the maximum amount of time for address decoding in 
selecting the 8185 chip. Maximum power consumption 
savings will occur, however, only when CE1 and CEz2 are 
activated selectively to power down the 8185 when itis not 
in use. A possible connection would be to wire the 8085A's 

1O/M line to the 8185’s CE input, thereby keeping the eR cme 
8185 powered down during I/O and interrupt cycles. 


Table 1. 
Truth Table tor 
Power Down and Function Enable 


8185 Status 
Power Down and 
Function Disable[1} 
Power Down and 
Function Disable(1] 


Powered Up and 
Function Disable{1] 


NOTES: 

X: Don’t Care. 

1: Function Disable implies Data Bus in high impedance state 
and not writing. 

2: CS* = (CE1 = 0) « (CEz2 = 1) « (CS = 0) 
CS* = 1 signifies all chip enables and chip select active 


Table 2. 
Truth Table for 
Control and Data Bus Pin Status 


ADp.7 During Data | 
Portion of Cycle (8185 Function 


Figure 3. 8185 in an MCS-85 System 


4 Chips: 
Reading, but not 2K Bytes ROM 
Driving Data Bus 1.25K Bytes RAM 
38 I/O Lines 
N : 
Sart Care. 1 Counter/Timer 


2 Serial |/O Lines 
5 Interrupt Inputs 
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IAPX 88 FIVE CHIP SYSTEM: 


1.25 K Bytes RAM 
2 K Bytes ROM 
38 I/O Pins 

1 Internal Timer 
2 Interrupt Levels 


1O/M TIMER 
reser OUT 


ADDR/DATA 


mE 

as 
a 
Ll 


t 
. GND 
‘MANUAL 
GND RESET 
(Vss) 


a es ee 
HE 
Zanes 
a oe i 
Pas = 
rT i 
| 


Figure 4. iAPX 88 Five Chip System Configuration 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under ‘‘Absolute 
Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Temperature Under Bias .............. 0°C to +70°C tion of the device at these or any other conditions above 
Storage Temperature .............. -65°C to +150°C those indicated in the operational sections of this specifi- 
Voltage on Any Pin cation is not implied. Exposure to absolute maximum 

with Respect to Ground .............. -0.5V to +7V rating conditions for extended periods may affect device 
POWSr DIGSINGION. «stave See ces bad boa ew ese cea 1.5W reliability. 


D.C. CHARACTERISTICS (Ta =0°C to 70°C, Vcc = 5V + 5%) 


[symbol | ——Parameter— | Min. 
[Vi | Inputtow Voltage S| 
[Vin | Input High Voltage «| 
[Vor | OutputLow voltage | 
Output High Voltage | 24 | 
Pw | tnputleskage | 
ead 
a -— 


Test Conditions 


nite 

as ence 
ed ee 
vier = ama 
Pon = = 40008 
a 
ie 


OV <Vin SVec 


0.45V < Vout = Vcc 


Output Leakage Current 


Vcc Supply Current 
Powered Up 


Powered Down 


| Min 
| Address to Latch Set UpTime | 50 
| ta | Address Hold Time After Latch | 80 
| _tic | LatchtoREAD/WRITE Control | 100 
|_tao___| Valid Data Out Delay from READ Control | | 
| tio | ALE toDataOutValid | 
| tu | Latch Enable Width | 100 
| taor | Data Bus FloatAfterREAD | 
pte | 20 
|READ/WRITE Control Width | 250 

|_tow | DataintoWRITE Set Up Time | 150 
| 30 

a 


Data In to WRITE Set Up Time 


Chip Select Set Up to Control Line 


tLaA 
tLe 
tLb 
tLL 
tcL 
tow 
| tALce 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 


DEVICE 
UNDER 


TEST 


»> TEST POINTS < 


0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC "1" AND 0.45V FOR 
A LOGIC “0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" C, = 150 oF 
AND 0.8V FOR A LOGIC “0.” = p 


C, INCLUDES JIG CAPACITANCE 


WAVEFORM 


tALce 


; 


nN 
4 ADDRESS = : DATA OUT | (READ CYCLE) 
y, —_—eEET ewe eee ee ee 
t 


LD 


tow 
ADDRESS ( WRITE DATA ) (WRITE CYCLE) 


(SELECTED) (DESELECTED) 
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HIGH SPEED 1 OUT OF 8 BINARY DECODER 


=» I/O Port or Memory Selector # Low Input Load Current — .25 mA 


= Simple Expansion — Enable Inputs cag 1/6 slancard bale Input Load 
; ; s Minimum Line Reflection — Low 
Technology — 18ns Max. Delay 
Outputs Sink 10 mA min. 


. ta Compatible with TTL Logic = 16-Pin Dual-In-Line Ceramic or 
ircuits Plastic Package 


The Intel® 8205 decoder can be used for expansion of systems which utilize input ports, output ports, and memory 
components with active low chip select input. When the 8205 is enabled, one of its 8 outputs goes “low,” thus a single row 
of amemory system is selected. The 3-chip enable inputs on the 8205 allow easy system expansion. For very large systems, 
8205 decoders can be cascaded such that each decoder can drive 8 other decoders for arbitrary memory expansions. 


The 8205 is packaged in a standard 16-pin dual in-line package, and its performance is specified over the temperature 
range of 0°C to +75°C, ambient. The use of Schottky barrier diode clamped transistors to obtain fast switching speeds 
results in higher performance than equivalent devices made with a gold diffussion process. 


ADDRESS ENABLE OUTPUTS 
L 


L 


C 


pS SS Se eam A 


Ap: Az ADDRESS INPUTS 
E,-E3 ENABLE INPUTS 
O9-07 DECODED OUTPUTS 


xxx xxx KEP TeIres 

xx xxx MxM EEC CITI 

xx MMM MK EETIe cee 
TLteorerr LE TTI TIT 
BED > Cfo E> ile ais ip in ci Gio Cs > i> ot 

5 is > i> is ie ie oli ci> chia ip aim ol alo ats yl 
p die ie Ais im cis GBs cin lf cll> > aa > os 

D oii iho oho ain ai chin dip clin all all> ile dle di c 
So hn Cio oa Ais ie oii Al aa: A i ES ie 
pee cis a ie Ale Gi Bie Ml aio ai Als dis as Bs oll Ho) 
Sie he die iio a > Al gal ie on ale lbs ale ew ofl 


BEEZ ES SE 


Figure 1. Logic Symbol Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 


Decoder 


The 8205 contains a one out of eight binary decoder. It ac- 
cepts a three bit binary code and by gating this input, creates 
an exclusive output that represents the value of the input 
code. 

For example, if a binary code of 101 was present on the AO, 
A1 and A2 address input lines, and the device was enabled, 
an active low signal would appear on the 05 output line. 
Note that all of the other output pins are sitting at a logic 
high, thus the decoded output is said to be exclusive. The 
decoders outputs wil! follow the truth table shown below in 
the same manner for all other input variations. 


Enable Gate 


When using a decoder it is often necessary to gate the out- 
puts with timing or enabling signals so that the exclusive 
output of the decoded value is synchronous with the overall 
system. 

The 8205 has a built-in function for such gating. The three 
enable inputs (E17, E2, E3) are ANDed together and create 
a single enable signal for the decoder. The combination of 
both active ‘‘high’’ and active ‘‘low’’ device enable inputs 
provides the designer with a powerfully flexible gating func 
tion to help reduce package count in his system. 


DECODER 


ENABLE GATE 
QO 


Figure 3. Enable Gate 


ADDRESS ENABLE OUTPUTS 
L 


N 
(oa) 


TIErTwTrrerwrrercrerr 
LEIZOrTrrTT Tas = 
ZEZESZEDLT TSE LE Ir 
CS ORE SS CR aD cas ai CH ES aes Gilles al Ol aati 
SS Ae Se Ue i a a cee Gi AS eae Gl on cle 
S Ro GS Sie Oo cake Gs Gao Gila aie ake Om aa Gas cae a 
BEEELED ASST Ir EE z= 
EET EEL Tr TTT FT 
BEDE EAEIAFrF SEEBTTTTIS 
PAE ED Gabe ARO ARE CAR OU aaa a Cee ae CD cle aia 


maw wR KK KEP Tere rer 
LeLTSsrzTerrerrrerrre 


xXxxXxXxMMRKM MET IIe cece 


KREME MHRXEIORr PTE cre 
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Applications of the 8205 


The 8205 can be used in a wide variety of applications in 
microcomputer systems. |/O ports can be decoded from the 
address bus, chip select signals can be generated to select 
memory devices and the type of machine state such as in 
8008 systems can be derived from a simple decoding of the 
state lines (SO, S1, S2) of the 8008 CPU. 


I/O PORT DECODER 


Shown in the figure below is a typical application of the 
8205. Address input lines are decoded by a group of 8205s 
(3). Each input has a binary weight. For example, AO is as- 
signed a value of 1 and is the LSB; A4 is assigned a value of 
16 and is the MSB. By connecting them to the decoders as 
shown, an active low signal that is exclusive in nature and 
represents the value of the input address lines, is available at 
the outputs of the 8205s. 


This circuit can be used to generate enable signals for I/O 
ports or any other decoder related application. 


Note that no external gating is required to decode up to 24 
exclusive devices and that a simple addition of an inverter 
or two will allow expansion to even larger decoder net- 
works. 


CHIP SELECT DECODER 


Using a very similar circuit to the |/O port decoder, an ar- 


PORT 


NUMBERS 


Figure 4. I/O Port Decoder 
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ray of 8205s can be used to create a simple interface to a 
24K memory system. 


The memory devices used can be either ROM or RAM and 
are 1K in storage capacity. 2708s and 2114As are devices 
typically used for this application. This type of memory 
device has ten (10) address inputs and an active “low” 
chip select (CS). The lower order address bits AO-AQ 
which come from the microprocessor are ‘‘bussed”’ to all 
memory elements and the chip select to enable a specific 
device or group of devices comes from the array of 8205s. 
The output of the 8205 is active low so it is directly compat- 
ible with the memory components. 


Basic operation is that the CPU issues an address to identify 
a specific memory location in which it wishes to ‘‘write’”’ or 
“read’’ data. The most significant address bits A10-A14 are 
decoded by the array of 8205s and an exclusive, active low, 
chip select is generated that enables a specific memory de- 
vice. The least significant address bits AQ-A9Q identify a 
specific location within the selected device. Thus, all ad- 
dresses throughout the entire memory array are exclusive 
in nature and are non-redundant. 


This technique can be expanded almost indefinitely to sup- 
port even larger systems with the addition of a few inverters 
and an extra decoder (8205). 


TO 
MEMORIES 


9; O| O| O| 9 


9 | 


CHIP 
SELECTS 


O| 


9| 


PI 


O| 


ol 


| 
oa 


I 


Figure 5. 24K Memory Interface 
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* 
ABSOLUTE MAXIMUM RATINGS *NOTICE: Stresses above those listed under ‘“‘Absolute 


Temperature Under Bias: Maximum Ratings”’ may cause permanent damage to the 
COINS osi45 aveudabeds yo besaessce —65°C to +125°C device. This is a stress rating only and functional opera- 
PIMGOG niueseaketkeoeeadeoeeventaes —65°C to +75°C_ tion of the device at these or at any other condition above 

Storage Temperature ............... —65°C to +160°C_ those indicated in the operational sections of this specifi- 

All Output or Supply Voltages ........ —0.5 to +7 Volts cation is not implied. Exposure to absolute maximum 

All Input Voltages .................. —1.0 to +5.5 Volts rating conditions for extended periods may affect device 

DMIOUT CUITORMES cc cavewes sh esaaues been enenees 125 mA reliability. 


D.C. CHARACTERISTICS (Ta = 0°C to +75°C, Voc = 5V +5%) 


PARAMETER a UNIT TEST CONDITIONS 


SYMBOL 
ah NS 
a 


INPUT “HIGH” } INPUT “HIGH” VOLTAGE Voc = 5. a ee 
OUTPUT a SHORT zs ee Voc = 5. Nea SY Vout = 
CIRCUIT CURRENT 
OUTPUT “‘LOW’’ VOLTAGE = 5.0V, ly = 40mA 
@ HIGH CURRENT 


A.C. CHARACTERISTICS (Ta = 0°C to +75°C, Voc = 5V +5%; unless otherwise specified) 


ets 
ADDRESSORENABLETO =| 18 | os | 

Cuil) | INPUT CAPACITANCE P8205 f= 1 MHz, Vec = OV 
C8205 S(typ) VBias = 2.0V, Ta = 25°C 


1, This parameter is periodically sampled and is not 100°% tested. 


TYPICAL CHARACTERISTICS 


OUTPUT CURRENT VS. OUTPUT CURRENT VS. 
OUTPUT “LOW” VOLTAGE OUTPUT “HIGH” VOLTAGE DATA TRANSFER FUNCTION 


OUTPUT VOLTAGE (V) 


OUTPUT CURRENT (mA) 


OUTPUT CURRENT (mA) 


0 1.0 2.0 3.0 4.0 5.0 0 2 4 6 8 1.0 1.2 14 16 1.8 2.0 
OUTPUT “LOW” VOLTAGE (V) OUTPUT “HIGH” VOLTAGE (V) INPUT VOLTAGE (V) 
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TYPICAL CHARACTERISTICS (Continued) 


ADDRESS OR ENABLE TO OUTPUT ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. LOAD CAPACITANCE DELAY VS. AMBIENT TEMPERATURE 


20 


Voc = 5.0V 
CC 30 pF 


_ 
toa] 


ADDRESS OR ENABLE TO 
OUTPUT DELAY (ns) 
ADDRESS OR ENABLE TO 
OUTPUT DELAY (ns) 
3 


50 100 150 25 50 
LOAD CAPACITANCE (pF) AMBIENT TEMPERATURE (°C) 


SWITCHING CHARACTERISTICS 


TEST LOAD 


CONDITIONS OF TEST: | TEST LOAD: 


Input pulse amplitudes: 2.5V 


Input rise and fall times: 5 nsec 
between 1V and 2V 


Measurements are made at 1.5V 


WAVEFORMS 


ADDRESS OR ENABLE 
INPUT PULSE 


OUTPUT 


Ces e eee eee wees ee 


see eee see eee ee 
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@ Fully Parallel 8-Bit Data Register and Buffer 


8212 
8-BIT INPUT/OUTPUT PORT 


m@ Service Request Flip-Flop for 
Interrupt Generation 


@ Low Input Load Current — .25mA Max. 


@ Three State Outputs 


= Outputs Sink 15mA 


@ 3.65V Output High Voltage for 
Direct Interface to 8008, 8080A, or 
8085A CPU 


@ Asynchronous Register Clear 


@ Replaces Buffers, Latches and 
Multiplexers in Microcomputer Systems 


@ Reduces System Package Count 


The 8212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and device selection 
logic. Also included is a service request flip-flop for the generation and control of interrupts to the microprocessor. 


The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the 
principal peripheral and input/output functions of a microcomputer system can be implemented with this device. 


SERVICE REQUEST FF 


DEVICE SELECTION 


[38> 01, 
DATA LATCH 
[s>0'2 
C013 
[2> 014 
[1E> Dig 
[18> DI¢ 


o> 01, 


[22> 01g 


les: 
DoF FL nt BD 


| BUFFER 


| 

hig D0, [a> 
| 

I Doz [6 > 


(> cr 2 eo Lt | 


(ACTIVE LOW) 


Figure 1. Logic Diagram 


| On-De |oatain 
DATA OUT 
| 65)-0S2 | DEVICE SELECT 


STB STROBE 
INTERRUPT (ACTIVE LOW) 
CLEAR (ACTIVE LOW) 


Figure 2. Pin Configuration 


intel 
FUNCTIONAL DESCRIPTION 


Data Latch 


The 8 flip-flops that make up the data latch are of a “D” 
type design. The output (Q) of the flip-flop will follow the 
data input (D) while the clock input (C) is high. Latching 
will occur when the clock (C) returns low. 


The latched data is cleared by an asynchronous reset 
input (CLR). (Note: Clock (C) Overrides Reset (CLR).) 


Output Buffer 


The outputs of the data latch (Q) are connected to 3-state, 
non-inverting output buffers. These buffers have a 
common control line (EN); this control line either enables 
the buffer to transmit the data from the outputs of the data 
latch (Q) or disables the buffer, forcing the output into a 
high impedance state. (3-state) 


The high-impedance state allows the designer to connect 
the 8212 directly onto the microprocessor bi-directional 
data bus. 


Control Logic 


The 8212 has control inputs DS1, DS2, MD and STB. 
These inputs are used to control device selection, data 
latching, output buffer state and service request flip-flop. 


DS1, DS2 (Device Select) 


These 2 inputs are used for device selection. When DS1 is 
low and DS2 is high (DS1 + DS2) the device is selected. In 
the selected state the output buffer is enabled and the 
service request flip-flop (SR) is asynchronously set. 


MD (Mode) 


This input is used to control the state of the output buffer 
and to determine the source of the clock input (C) to the 
data latch. 


When MD is high (output mode) the output buffers are 
enabled and the source of clock (C) to the data latch is 
from the device selection logic (DS1 + DS2). 


When MD is low (input mode) the output buffer state is 
determined by the device selection logic (DS1 + DS2) and 
the source of clock (C) to the data latch is the STB 
(Strobe) input. 


STB (Strobe) 


This input is used as the clock (C) to the data latch for the 
input mode MD = 0) and to synchronously reset the 
service request flip-flop (SR). 


Note that the SR flip-flop is negative edge triggered. 


8212 


Service Request Flip-Flop 


The (SR) flip-flop is used to generate and controi 
interrupts in microcomputer systems. It is asynchron- 
ously set by the CLR input (active low). When the (SR) flip- 
flop is set it is in the non-interrupting state. 


The output of the (SR) flip-flop (Q) is connected to an 
inverting input of a “NOR” gate. The other input to the 
“NOR” gate is non-inverting and is connected to the 
device selection logic (DS1 - DS2). The output of the 
“NOR” gate (INT) is active low (interrupting state) for 
connection to active low input priority generating circuits. 


SERVICE REQUEST FF 


DEVICE SELECTION 7 
. SR 
ie _ C * oa 
(iL O81 1 ) | | be ——____==— ) > INT [23> 


[13> os2 


MO 
a oye 
Ly es rt | output 
| | BUFFER 
Tp | 
E>o1, He op >to: 
DATA LATCH sel) | 
E>o1, SS | on E> 
rang 
atu 
[> 013 ope | >— 003 [g > 
reel | 
| . | 
E>o1, 0 OH 004 [> 
| pall 
| ° fr 
FE> 01 5 OHH 005 (> 
alll | 
[s> 01g Fs 4 00¢ [17> 
pall , 
[20> 01, a fs : p07 [ig> 
ii 
[22> D1, Me. | | >+ 00g [2> 
ew | 
pe> eth ACTIVE LOW 1): | | 
( 
| L - 
STB MD  (DSy-DS2) DATA OUT EQUALS | 
0 o.| 0 " 3.STATE | 
1 #O 0 _ 3-STATE | 
0 | 1 0 "DATA LATCH 
1 4 0 | DATA LATCH | 
0 | 0 1 "DATA LATCH | 
1 0 1 DATA IN 
7: 1 
1 | 


' DATAIN 
1 DATA IN 


“INTERNAL SR FLIP-FLOP 


CLR — RESETS DATA LATCH 
SETS SR FLIP-FLOP 
(NO EFFECT ON OUTPUT BUFFER) 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias Plastic ....... 0°C to +70°C 
Storage Temperature .............. -65°C to +160°C 
All Output or Supply Voltages ........ -0.5 to +7 Volts 
All Input Voltages ...............06. -1.0 to 5.5 Volts 


WUtput Currenie «vas ceed cae nek ee cewa nae nds con TOOmA 


“NOTICE: Stresses above those listed under ‘‘Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (1,=0°C to +75°C, Vec= +5V + 5%) 


Parameter 


IF Input Load Current, ACK, DS2, CR, 
Dli-Dlg Inputs 


Dli-Dlg Inputs 


IF 
IF 
Input Leakage Current DS: Input 
Vo Input Forward Voltage Clamp 


VIL Input “Low” Voltage 
V 


H Input “High” Voltage 


</|< 


OL Output “Low” Voltage 


Output “High” Voltage 
Short Circuit Output Current 


Output Leakage Current High 
Impedance State 


Power Supply Current 


CAPACITANCE* 


VOH 
Isc 
loc 


(F = 1MHz, VBIAS = 2.5V, 
Veco = +5V, Ta = 25°C) 


Test 
| Typ.|Max. | 
CIN DSi MD Input Capacitance OpF | 12pF 


CIN DSo, CLR, STB, Di,-Dlg 
input Capacitance 


DO1-DOg Output Capacitance 


“This parameter is sampled and not 100% tested. 


Cout 


A.C. TESTING LOAD CIRCUIT 


DEVICE 
UNDER 
TEST 


C, INCLUDES JIG CAPACITANCE 
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Limits 


Typ. 


Test Conditions 


mA |VF=.45V 
mA |VF=.45V 
mA |VF=.45V 


VR sVec 
VaR <Vcoc 
VR <Vcc 


> 


lo. = 15mA 
1IOH = -1MA 
mA |Vo = OV, Vcc = 5V 


Vo = .45V/5.25V 


= 
> 


SWITCHING CHARACTERISTICS 


Conditions of Test 
Input Pulse Amplitude = 2.5V 
Input Rise and Fall Times 5ns 


Between 1V and 2V Measurements made at 1.5V 
with 15mA and 30pF Test Load 


tpp, twe, tr, ts, tc 
te, ENABLE! 


te, ENABLE | 
, DISABLE! 
, DISABLE! 


“Includes probe and jig capacitance. 
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A.C. CHARACTERISTICS (Ta = 0°C to +70°C, Voc = +5V + 5%) 


Limits 
Parameter 


symbol | Min, | Typ. | 

Tew | Pusewate S| | 

| tpo| Data to Output Delay I. 

Piwe | Write Enable to Output Delay | | 

riser | Data SetUpTime |S 

[DataHold Time SSC*dSC 
a 
ae 
a 
—_—- 


meee 

ed 
ae aaa 
in| Reset to Output beay——SC~dYSCSC~‘idCSSCS 
ris | Setto Output Dewey ——SSSSSSC*d 
Te | Output Enabie/Disabie Time | Si 


Clear to Output Delay Lo 


APPLICATIONS 
Basic Schematic Symbols 


Two examples of ways to draw the 8212 on system schematics—(1) the top being the detailed view showing pin numbers, 
and (2) the bottom being the symbolic view showing the system input or output as a system bus (bus containing 
8 parallel lines). The output to the data bus is symbolic in referencing 8 parallel lines. 


INPUT DEVICE OUTPUT DEVICE 


(DETAILED) 


INPUT 
STROBE 


OUTPUT 
FLAG 


SYSTEM 


(SYMBOLIC) 
INPUT 


SYSTEM 
OUTPUT 


GND DATA BUS DATA BUS Vec 


Figure 3. Basic Schematic Symbols 


Gated Buffer (3-State) 


The simplest use of the 8212 is that of a gated buffer. By 
tying the mode signal low and the strobe input high, the 
data latch is acting as a straight through gate. The output 


buffers are then enabled from the device selection logic ETE. evel 
DS1 and DS2. (250 yA) (15mA) 


(3.65V MIN) 


When the device selection logic is false, the outputs are 3- 
state. 


When the device selection logic is true, the input data from CONTROL | 
the system is directly transferred to the output. The input (DS1DS2) 
data load is 250 micro amps. The output data can sink 15 


milli amps. The minimum high output is 3.65 volts. Figure 4. Gated Buffer 
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Bi-Directional Bus Driver 


A pair of 8212’s wired (back-to-back) can be used as a 
symmetrical drive, bi-directional bus driver. The devices 
are controlled by the data bus input control which is 
connected to DS1 on the first 8212 and to DS2 on the 
second. One device is active, and acting as a straight 
through buffer the other is in 3-state mode. This is a very 
useful circuit in small system design. 


DATA BUS 
CONTROL 


(O= L ~ R) 
'!=R—~-L) 


Figure 5. Bidirectional Bus Driver 


Interrupting Input Port 


This use of an 8212 is that of a system input port that 
accepts a strobe from the system input source, which in 
turn clears the service request flip-flop and interrupts the 
processor. The processor then goes through a service 
routine, identifies the port, and causes the device 
selection logic to go true — enabling the system input data 
onto the data bus. 


INPUT 
STROBE 


SYSTEM 
INPUT 


SYSTEM 
RESET 


PORT 
SELECTION TO PRIORITY CKT 
(DS1eDS2) 


(ACTIVE LOW) 


TO CPU 
INTERRUPT INPUT 


Figure 6. Interrupting Input Port 


Interrupt Instruction Port 


The 8212 can be used to gate the interrupt instruction, 
normally RESTART instructions, onto the data bus. The 
device is enabled from the interrupt acknowledge signal 
from the microprocessor and from a port selection signal. 
This signal is normally tied to ground. (DS1 could be used 
to multiplex a variety of interrupt instruction ports ontoa 
common bus). 


RESTART 
INSTRUCTION 


(RST 0 RST 7) 


(DSI) PORT SELECTION 
INTERRUPT ACKNOWLEDGE 


Figure 7. Interrupt Instruction Port 


Output Port (With Hand-Shaking) 


The 8212 can be used to transmit data from the data bus to 
a system output. The output strobe could be a hand- 
shaking signal such as “reception of data” from the device 
that the system is outputting to. Itin turn, caninterrupt the 
system signifying the reception of data. The selection of 
the port comes from the device selection logic.(DS1+-DS2) 


OUTPUT STROBE 


SYSTEM OUTPUT 


SYSTEM RESET 


] PORT SELECTION 
+ (LATCH CONTROL) 
J (DS1-Ds2) 


SYSTEM 
INTERRUPT 


Figure 8. Output Port 
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808A Status Latch 


Here the 8212 is used as the status latch for an 8080A 
microcomputer system. The input to the 8212 latch is 
directly from the 8080A data bus. Timing shows that when 
the SYNC signal is true, which is connected to the DS2 
input and the phase 1 signal is true, which is a TTL level 
coming from the clock generator; then, the status data will 
be latched into the 8212. 


es 
| 


DATA BUS 


O00 00 0 


” 
< 
2 
>) 


STATUS 
LATCH 


CONTROL 
BUS 


CLOCK GEN. 
& DRIVER 


Note: The mode signal is tied high so that the output on the It is shown that the two areas of concern are the bi- 
latch is active and enabled all the time. directional data bus of the microprocessor and the control 
bus. 
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OUTPUT CURRENT VS. OUTPUT “LOW” VOLTAGE 


INPUT CURRENT (yA) 


OUTPUT CURRENT (mA) 


INPUT VOLTAGE (V) OUTPUT “LOW” VOLTAGE (V) 
OUTPUT CURRENT VS. DATA TO OUTPUT DELAY 
OUTPUT “HIGH” VOLTAGE VS. LOAD CAPACITANCE 
z 3 
E < 
ni rn 
2 ra) 
: 2 
> ~ 
s) =) 
= ° 
> fe) 
S - 
> <q 
o q 
ra) 
OUTPUT “‘HIGH” VOLTAGE (V) LOAD CAPACITANCE (pF) 
DATA TO OUTPUT DELAY WRITE ENABLE TO OUTPUT DELAY 
VS. TEMPERATURE VS. TEMPERATURE 


DATA TO OUTPUT DELAY (ns) 


WRITE ENABLE TO OUTPUT DELAY (ns) 


TEMPERATURE (°C) TEMPERATURE (°C) 
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WAVEFORMS 


OUTPUT 


STB or DS; « DS 


OUTPUT 
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8216/8226 
4-BIT PARALLEL BIDIRECTIONAL BUS DRIVER 


w Data Bus Buffer Driver for 8080 CPU a 3.65V Output High Voltage for Direct 
Interface to 8080 CPU 
ew Low Input Load Current — 0.25 mA 
Maximum a 3-State Outputs 
w High Output Drive Capability for 
Driving System Bus w Reduces System Package Count 


The 8216/8226 is a 4-bit bidirectional bus driver/receiver. All inputs are low power TTL compatible. For driving MOS, the 
DO outputs provide a high 3.65V Vox, and for high capacitance terminated bus structures, the DB outputs provide a 
high 50 mA Io, capability. A non-inverting (8216) and an inverting (8226) are available to meet a wide variety of applica- 
tions for buffering in microcomputer systems. 


“Note: The specifications for the 3216/3226 are identical with those for the 8216/8226. 


8216 8226 


DATA BUS 
DB,DB; | B)-DIRECTIONAL 
4D 
DATA OUTPUT 


DATA IN ENABLE 
DIRECTION CONTROL 


| & | CHIP SELECT 


DIEN O 


Figure 1. Block Diagrams Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 


Microprocessors like the 8080 are MOS devices and are 
generally capable of driving a single TTL load. The same is 
true for MOS memory devices. While this type of drive is 
sufficient in small systems with few components, quite often 
it is necessary to buffer the microprocessor and memories 
when adding components or expanding to a multi-board 
system. 


The 8216/8226 is a four bit bi-directional bus driver specif- 
ically designed to buffer microcomputer system components. 


Bidirectional Driver 


Each buffered line of the four bit driver consists of two 
separate buffers that are tri-state in nature to achieve direct 
bus interface and bi-directional capability. On one side of 
the driver the output of one buffer and the input of another 
are tied together (DB), this side is used to interface to the 
system side components such as memories, I/O, etc., be- 
cause its interface is direct TTL compatible and it has high 
drive (50mA). On the other side of the driver the inputs 
and outputs are separated to provide maximum flexibility. 
Of course, they can be tied together so that the driver can 
be used to buffer a true bi-directional bus such as the 8080 
Data Bus. The DO outputs on this side of the driver have a 
special high voltage output drive capability (3.65V) so that 
direct interface to the 8080 and 8008 CPUs is achieved with 
an adequate amount of noise immunity (350mV worst case). 


Control Gating DIEN, CS 


The CS input is actually a device select. When it is ‘‘high”’ 
the output drivers are all forced to their high-impedance 
state. When it is at ‘‘zero”’ the device is selected (enabled) 
and the direction of the data flow is determined by the 
DIEN input. 


The DIEN input controls the direction of data flow (see 
Figure 3) for complete truth table. This direction control 
is accomplished by forcing one of the pair of buffers into its 
high impedance state and allowing the other to transmit its 
data. A simple two gate circuit is used for this function. 


The 8216/8226 is a device that will reduce component count 
in microcomputer systems and at the same time enhance 
noise immunity to assure reliable, high performance op- 
eration. 


6-67 


foenfes] Sd 
Po [olor oe +t 


| 1 jo lop do 


} HIGH IMPEDANCE 


Figure 3b. 8226 Logic Diagram 
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ABSOLUTE MAXIMUM RATINGS* 


*NOTICE: Stresses above those listed under ‘‘Absolute 
Maximum Ratings” may cause permanent damage to the 


Temperature Under Bias ............. 0°C to 70°C device. This is a stress rating only and functional opera- 
Storage Temperature ............ -~65°C to +150°C tion of the device at these or any other conditions above 
All Output and Supply Voltages. ..... . -0.5V to +7V those indicated in the operational sections of this specifi- 

cation is not implied. Exposure to absolute maximum 
All Input Voltages ........-..-.-. -1.0V to +5.5V rating conditions for extended periods may affect device 
OUtpUE CUPFENTS 2c cece eed eee 125 mA reliability. 


D.C. CHARACTERISTICS (Tj = 0°C to +70°C, Veg = +5V + 5%) 


Parameter 


ies | Input Load Current DIEN, CS 


a 
tai _| Taput Leakage Current TEN, CS | 
lea | Input Leakage Curent DI Inputs) 
ve | Input Forward Voltage Clamp | 
Input “Low” Voltage Ld 
Input ‘‘High’’ Voltage | 2e | Paper 
— 


V 
Output Leakage Current DO HA Vo = 0.45V/5.25V 
(3-State) DB 
es 1 cma [SY 
eee kt te seit = ons 
Vout Output “Low” Voltage V DO Outputs Io, =15mA 
DB Outputs Io, =25mA 
rr DB Outputs Io, =55mA 
VoL2 Output ‘‘Low” Voltage 


DO Outputs lon = -1mA 


Output Short Circuit Current -35 mA DO Outputs Vo = OV, 
-75 mA DB Outputs Voc=5.0V 
NOTE: 
Typical values are for Ta = 25°C, Voc =5.0V. 
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CAPACITANCE! (Vaginas = 2.5V, Voc = 5.0V, Ta = 25°C, f = 1 MHz) 


= Parameter 


Input Capacitance fa |e a 
a Output Cenoeltnies a ae 
[Gouna [Ovi Capstanes 


A.C. CHARACTERISTICS (Ta = 0°C to +70°C, Voc = +5V + 5%) 


Tpp1 Input to Output Delay DO Outputs 25 C.=30pF, R;=30022 
R2=60022 
Tpp2 Input to Output Delay DB Outputs 
8216 a cs el es R,=902 
Ro = 18022 


PP Poo rena 


Output Enable Time 
8216 


Output Disable Time 


NOTE: 

Input pulse amplitude of 2.5V. 

Input rise and fall times of 5 ns between 1 and 2 volts. 
Output loading is 5 mA and 10 pF. 

Speed measurements are made at 1.5 volt levels. 


NOTES: 


Typical values are for Ta = 25°C, Vcc = 5.0V. 

DO Outputs, Cy = 30pF, Ry = 300/10 KQ, R2 = 180/1K2; DB Outputs, Cy = 300pF, Ry = 90/10 K2, Ro = 180/1 KO. 
DO Outputs, Cy = 30pF, Ry = 300/10 KQ, R2 = 600/1K; DB Outputs, Cy = 300pF, Ry = 90/10 KQ, R2= 180/1 K. 
DO Outputs, Cy = SpF, Ry = 300/10 KN, R2 = 600/1 K2; DB Outputs, Cy = SpF, Ry = 90/10 KO, Ra = 180/1 KQ2. 
This parameter is periodically sampled and not 100% tested. 


FS Qn = 


A.C. TESTING LOAD CIRCUIT 


DEVICE 


UNDER 
TEST 
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WAVEFORM 


INPUTS 


OUTPUT 
ENABLE 


OUTPUTS 


8216/8226 
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BIPOLAR MICROCOMPUTER BUS 


8218/8219 


PRELIMINARY 


CONTROLLERS FOR MCS-80® AND MCS-85® FAMILIES 


= 8218 for Use in MCS-80® Systems 
= 8219 for Use inMCS-85® Systems 
= Coordinates the Sharing of a Common 


Bus Between Several CPU’s 


= Reduces Component Count in 
Multimaster Bus Arbitration Logic 


= 28 Pin Package 


= Single +5 Volt Power Supply 


The 8218 and 8219 Microcomputer Bus Controllers consist of control logic which allows a bus master device such as a CPU 
or DMA channel to interface with other masters on a common bus, sharing memory and I/O devices. The 8218 and 8219 


consist of: 


1. Bus Arbitration Logic which operates from the Bus Clock (BCLK) and resolves bus contention between devices sharing 


a common bus. 


2. Timing Logic which when initiated by the bus arbitration logic generates timing signals for the memory and I/O 
command lines to guarantee set-up and hold times of the address/data lines onto the bus. The timing logic also signals 
to the bus arbitration logic when the current data transfer is completed and the bus is no longer needed. 

3. Output Drive Logic which contains the logic and output drivers for the memory and I/O command lines. 


An external RC time constant is used with the timing logic to generate the guaranteed address set-up and hold times on the 
bus. The 8219 can interface directly to the 8085A CPU and the 8218 interfaces to the 8080A CPU chip and the 8257 DMA 


controller. 


BCR1 
()——» 

RSTB 

ADEN 


OVRD 


DLYADJ 


TO THE 
BUS XSTR 
MASTER 


BUS ARBITRATION 


LOGIC 


ey 


TIMING LOGIC 


C 


OUTPUT DRIVE LOGIC 


Figure 1. Block Diagram 
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INIT L} 1 


N.C. LJ 2 
XSTR[] 3 
xcP(] 4 


xcy (5 
(A) L] 6 
(B)L]} 7 
(C)L] 8 
(D)C} 9 


8218/8219 


ANYR [J 10 
RDD([} 11 
MRDC [J 12 
ioRc [] 13 
GND [J] 14 


(A) 
(B) 
(C) 
(D) 
(E) 


28 [J Vcc 

27 [] OvRD 
26 [_] RSTB 
25 (-] BCR1 
24 LJ (E) 

23 [J BPRO 
22 (] BPRN 
21 [_] BREQ 
20 [.] BCLK 
19 [_] ADEN 
18 [_] BUSY 
17 [] iowc 
16 [_] MWTC 


15 LJ DLYADJ 


N.C. = NO CONNECT 


Figure 2. Pin Configuration 
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PRELIMINARY 


Table 1. Pin Description 


Signals Interfaced Directly to the System Bus 


Name and Function 


Bus Request: The Bus Request is used 
with a central parallel priority resolution 
circuit. It indicates that the device needs to 
access the bus for one or more data trans- 
fers. It is synchronized with the Bus Clock. 


8) 
= 
w” 
< 


/O | Bus Busy: Bus Busy indicates to all master 
devices on the bus that the bus is in use. It 
inhibits any other device from getting the 
bus. It is synchronized with Bus Clock. 


Bus Clock: The negative edge of Bus Clock 
is used to synchronize the bus contention 
resolution circuit asynchronously to the 
CPU clock. It has 100ns min. period, 35%- 
65% duty cycle. It may be slowed, single 
stepped or stopped. 


Bus Priority In: The Bus Priority In indi- 
cates to a device that no device of a higher 
priority is requesting the bus. It is syn- 
chronous with the Bus clock. 


Bus Priority Out: The Bus Priority Out is 
used with serial priority resolution circuits. 
Priority may be transferred to the next lower 
in priority as BPRN. 


Initialize: The Initialize resets the 8218/ 
8219 to a known internal state. 


Memory Read Control: The Memory Read 
Control indicates that the Master is request- 
ing a read operation from the addressed 
location. It is asynchronous to the Bus 
Clock. 


Memory Write Control: The Memory Write 
Control indicates that data and an address 
have been placed on the bus by the Master 
and the data is to be deposited at that loca- 
tion. It is asynchronous to the Bus Clock. 


<= 3 
5 z 


1/O Read Control: The |/O Read Control in- 
dicates that the Master is requesting a read 
operation from the I/O device addressed. It 
is asynchronous to the Bus Clock. 


4 
D 
i?) 


1/O Write Control: The |/O Write Control in- 
dicates that Data and an I/O device address 
has been placed on the bus by the Master 
and the data is to be deposited to the |/O 
device. It is asynchronous to the Bus Clock. 


Signals Generated or Received by the Bus Master 


Bus Control Request: Bus Control Re- 
quest 1 or Bus Control Request 2 indicate to 
the 8218/8219 that the Master device is mak- 
ing a request to control the bus. BCR2 is 
active low in the 8218 (BCR2). BCR2 is ac- 
tive high in the 8219. 


Request Strobe: Request Strobe latches 
the status of BCR1 and BCR2 into the 
8218/8219. The strobe is active low in the 
8218 and negative edge triggered in the 
6219. 
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Signals Generated or Received by the Bus Master 
(Continued) 


Name and Function 


Address and Data Enable: Address and 
Data Enable indicates the Master has con- 
trol of the bus. It is often used to enable 
Address and Data Buffers on the bus. It is 
synchronous with Bus Clock. 


Read Data: Read Data controls the direc- 
tion of the bi-directional data bus drivers. It 
is asynchronous to the Bus Clock. Ahigh on 
RDD indicates a read mode by the master. 


Override: Override inhibits automatic de- 
select between transfers caused by a higher 
priority bus request. May be used for con- 
secutive data transfers such as read- 
modify-write operations. It is asynchronous 
to the Bus Clock. 


Transfer Start Request: Transfer Start Re- 
quest indicates to the 8218/8219 that a new 
data transfer cycle is requested to start. It is 
raised for each new word transfer in a mul- 
tiple data word transfer. It is asynchronous 
to the Bus Clock. 


Transfer Complete: Transfer Complete in- 
dicates to the 8218/8219 that the data has 
been received by the slave device in a write 
cycle or transmitted by the slave and re- 
ceived by master in a read cycle. It is asyn- 
chronous to the Bus Clock. 


Oo 
< 
DD 
0 


x< 

nm 

pa 

Be) 
mo) 
® 


x 
g| 
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Data Transfer: Indicates that a data trans- 
fer is in progress. It is asynchronous to the 
Bus Clock. 


Write, Read, 10/Memory: WRITE, READ, 
10/Memory are the control request inputs 
used by the 8085 and are internally decoded 
by the 8219 to produce the request signals 
MRDR, MWTR, IORR, lIOWR. They are asyn- 
chronous to the Bus Clock. (8219 only) 


Asynchronous Bus Request: Can be used 
for interrupt status from the 8085. Acts like a 
level sensitive asynchronous’ bus 
request—no RSTB needed. It is asynchron- 
ous to the Bus Clock. (8219 only) 


Memory Read Request, Memory Write 


= 
DD 
O 
Be) 


MWTR, Request, I/O Read Request, or I/O Write 
IORR, Request: Indicate that address and data 
IOWR have been placed on the bus and the appro- 


priate request is being made to the ad- 
dressed device. Only one of these inputs 
should be active at any one time. They are 
synchronous to the Bus Clock. (8218 only) 


Any Request: Any Request is the logical 
OR of the active state of MRDR, MWTR, 
IORR, |OWR. It may be tied to XSTR when 
the rising edge of ANYR is used to initiate a 
transfer. 


DLYADJ Delay Adjust: Delay Adjust is used for con- 
nection of an external capacitor and resis- 
tor to ground to adjust the required set-up 
and hold time of address to control signal. 


AFN-00208B 


intel 


8218/8219 


PRELIMINARY 


FUNCTIONAL DESCRIPTION 


The 8218/8219 is a bipolar Bus Control Chip which 
reduces component count in the interface between a 
master device and the system Bus. (Master device: 8080, 
8085, 8257 (DMA).) 


The 8218 and 8219 serve three major functions: 


1. Resolve bus contention. 

2. Guarantee set-up and hold time of address/data lines 
to I/O and Memory read/write control signals 
(adjustable by external capacitor). 

3. Provide sufficient drive on all bus command lines. 


Bus Arbitration Logic 


Bus Arbitration Logic activity begins when the Master 
makes a request for use of the bus on BCR1 or BCR2. The 
request is strobed in by RSTB. Following the next two 
falling edges of the bus clock (BCLK) the 8218/8219 
outputs a bus request (BREQ) and forces Bus Priority Out 
inactive (BPRO). See Figures 1a and 1b. 


BREQ is used for requesting the bus when priority is 
decided by a parallel priority resolver circuit. 


ASYNCH. 


REQUEST 


BPRO is used to allow lower priority devices to gain the 
bus when a serial priority resolving structure is used. 
BPRO would go to BPRN of the next lower priority Master. 


When priority is granted to the Master (alow on BPRN and 
a high on BUSY) the Master outputs a BUSY signal on the 
next falling edge of BCLK. The BUSY signal locks the 
master onto the bus and prohibits the enable of any other 
masters onto the bus. 


At the same time BUSY goes active, Address and Data 
Enable (ADEN) goes active signifying that the Master has 
control of the bus. ADEN is often used to enable the bus 
drivers. 


The Bus will be released only if the master loses priority; is 
not in the middle of a transfer, and Override is not active 
or, if the Master stops requesting the bus, is not in the 
middle of a data transfer, and Override is not active. ADEN 
then goes inactive. 


Provision has been made in the 8218 to allow bus- 
synchronous requests. This mode is activated when 
BCR1, BCR2 and RSTB are all low. This action 
asynchronously sets the synchronization flip flop (FF2) in 
Figure 3a. 


SYNCH. PRIORITY 
REQUEST 


Figure 3a. 8218 Bus Arbitration Logic 
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ADEN 
OVRIDE 


ASRO 


ASYNCH. SYNCH. PRIORITY 
REQUEST D a REQUEST 


Timing Logic 


Timing Logic activity begins with the rising edge of XSTR 
(Transfer Start Request) or with ADEN going active, 
whichever occurs second. This action causes XCY a. 
(Transfer Cycle) to go active. 50-200ns later (depending on eae CONTROL 
resistance and capacitance at DLYADJ) the appropriate 
Control Outputs will go active if the control input is active. 


XSTR can be raised after the command goes active in the 
Current transfer cycle so that a new transfer can be 
initiated immediately after the current transfer is 
complete. 


A negative going edge on XCP (Transfer Complete) will 
cause the Control Outputs (MRDC, etc.) to go inactive. CONTROL 
50-200ns later (depending on capacitance at DLYADJ) . ee 
XCY will go inactive indicating the transfer cycle is 

completed. 


Additional logic within the 8218/8219 guarantees that if a 
transfer cycle is started (XCY is active), but the bus is not 
requested (BREQ is inactive) and there is no command 
request input (ANYR is output low), then the transfer cycle 
will be cleared. This allows the bus to be released in 
applications where advanced bus requests are generated 
but the processor enters a HALT mode. 


Control Logic DECODING 


The control outputs are generated in the 8219 by decoding 
the 8085 system control outputs (i.e., RD, WR, |O/M) orin 
the 8218 by directly buffering the control inputs to the 
control outputs for use in an 8080 or DMA system (see 
Figures 4a and 4b). The control outputs may be held high 
(inactive) by the Timing Logic. Also the control outputs are 
enabled when the Master gains control of the bus and 
disabled when control is relinquished. 


CONTROL 
OUTPUT 
The Control Logic also has two other outputs, ANYR (Any INACTIVE 


Request) and RDD (Read Data). ANYR goes high (active) if 
any control requests (IOWR, etc.) are active. RDD controls 
the direction of the Masters Bi-directional Data Bus 


Drivers. The Bus Driver will always be in the Write mode 
(RDD = Low) except from the start of a Read Control 
Request to 25 to 70ns after XCP is activated. Figure 4b. 8219 Control Logic 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias ...... 0°C to 70°C 
Storage Temperature .............. -65°C to +150°C 
Supply Voltage (Vcc) .asevcssesecencees -0.5V to +7V 
IMOUE VOURGS scccaccssexesessee -1.0V to Vcc + 0.25V 
CHOU GONG Sccecoarcsdcensasseeesounsnc un 100mA 


*NOTICE: Stresses above those listed under ‘Absolute 
Maximum Ratings’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 


D.C. CHARACTERISTICS (Ta = 0°C to 70°C; Vee = 5V + 5%) 


Input Load Current —_| 
MRDR/INTA/MWTR/WR 
IORR/RD, |OWR/IO/M 


Input Leakage Current 


Input Threshold Voltage 
Power Supply Current 


Output Low Voltage 
MRDC, MWTC, IORC, IOWC 
BREQ, BUSY 

XCY, RDD, ADEN 

BPRO, ANYR 

Output High Voltage 


MRDC, MWTC, IORC, l|OWC 
BUSY O.C. 


ad 
pp 


All Other Outputs 


Short Circuit Output Current -10 


Tri-State Output Current 


Input Capacitance Except Busy 


Input Capacitance Busy 


Limits 


[arm] ream Ti | 


IF 


tas 
| 0.5 | 


a 


100 wA | Vcc = 5.25 
Vr = 5.25 


ed 
BN 
s 
a 
0 
n 


reliability. 
Test Conditions 


Voc = 5.25V 
mA | VF = 0.45V 


Pp mA | 


veo 475 
0.45 
0.45 
= 
anne 


0.45 


Vcc = 4.75V 


—— 


lIOH = -400uA 
Voc = 5.25V, Vo = OV 


-100 
+100 


uA | Vcc = 5.25V, Vo = 0.45V 
uA | Vcc = 5.25V, Vo = 5.25V 
a 


8218/8219 XSTR TO OUTPUT DELAY (Tscp) 


200 


175 


150 


125 


DELAY 
100 


0 100 200 300 400 500 600 700 800 900 
OHMS 


One Shot Delay Versus Delay Adjust Capacitance And Resistance 
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Test Conditions 


35% to 65% Duty Cycle 


A.C. CHARACTERISTICS (1, = 0°C to 70°C; Voc = 5V + 5%) 


= rere 


Bus Clock Cycle Time 
Bus Clock Pulse Width 
| tras | RSTB to BCLK Set-Up Time 


tcss BCR and BCRe2 to RSTB 
S p Time 
im 


Limits 
Typ 


0.65 tacy 


et-Up Ti 
Hold Time 

[taan | BCCK 10 BREG Delay 

BCLK to BUSY Delay 


tCAD MRDR, MWTR, | 
to A 


XSTR to XCY Delay 


, ORR, IOWR 
tscD XSTR to MRDC, MWTC, IORC, 
IOWC Delay 


(oe) 
on 


100 
35 
15 
15 
23 


w 
oO 


ns 


IOWC Delay 


R Delay 
tCMD MRDR, MWTR, IORR, IOWR 
to MRDC, MWTC, IORC, l|OWC 
Delay 


or 
oO 


Adjustable by External R/C 


Adjustable by External R/C 


oe) 
on 


nO 
on 


NY 
to RDD 


£ 
oO 


50 
30 
35 
30 

ts) 


2 


~N 
oO 


P= 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


DEVICE 
1.5 <— TEST POINTS ——> 1.5 Wrest 
Cc. 


0.45 


T 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC 1° AND 0.45V FOR 
A LOGIC 0." TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC “1° AND “0. 
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PRELIMINARY 
WAVEFORMS 


SYNCHRONOUS BUS TIMING (System Bus Previously Not In Use) 


“ ane 


tRaD 


7 REQUEST FOR ACQUISITION OF THE BUS \ REQUEST TO RELEASE THE BUS 


CONTROL CYCLE (System Bus Previously Not In Use) 


MRDR MWTR 
{ORR IOWR 
tcaD tcaD 
ANYR 
RDD 
XCY 
MRDC MWTC 
1ORC 1Oowc 


tscp ————__—_—> 


tcmD 
tcmMD 
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WAVEFORMS (Continued) 


BUS CONTROL EXCHANGE (Master No. 1 Leaving Bus And Master No. 2 Getting On Bus) 


MASTER 1 GETS OFF BUS ra 


/ 


MASTER 1 ANYR OUT 
AND XCP IN 


ONE SHOT _ 


MASTER 1 XCY OUT DELAY 7 


BCLK 


MASTER 1 ADEN 


BUSY MASTER 1 HAS BUS | MASTER 2 HAS BUS 


MASTER 2 ADEN 


MASTER 2 
REQUESTS BUS 


ANYR DELAYED BY 
ONE SHOT 
meTR FOR ADDRESS SETUP ~ 


OF MASTER 2 


MASTER 2 ee 
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RESET 
XACK 

(TRANSFER 
ACKNOWLEDGE) 


MCS-80® CPU With 8218 


RESET 

XACK 

(TRANSFER 
ACKNOWLEDGE) 


MCS-85® CPU With 8219 


6-79 AFN-00208B 


READY IS SET UP 
FOR LOCAL 
MEMORY THAT 
NEEDS NO WAIT 
STATES 


8218/8219 


BUS 
BUFFERS 
rs 


‘ll 


USE FALLING EDGE OF ALE TO INITIATE DECODE 
LOGIC’S SELECTION OF THE BUS 


RESET 

XACK 

(TRANSFER 
ACKNOWLEDGE) 


MCS-85® CPU With 8219 Using Local Memory 


6-80 
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EXAMPLE OF BUS 
ACCESS DECODE LOGIC 


LEVEL ACTIVATED 


LATCH 

“TRANSPARENT” 

FLIP FLOP 
TO BCR2 
AND XSTR 
AND GATE 
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TO/FROM HIGHEST TO/FROM LOWEST 
PRIORITY BUS MASTER PRIORITY BUS MASTER 


REQUEST REQUEST REQUEST 
8219 8218 


BUSY BPRN BUSY BPRN 


BUS CLOCK 


“DAISY CHAIN” CONFIGURATION 


REQUEST REQUEST REQUEST 


8219 


BPRN  BCLK 


BUS CLOCK 


PRIORITY 
RESOLVING 
LOGIC 


PARALLEL REQUEST CONFIGURATION 


Two Methods of Connecting Multiple 8218/8219’s To Resolve Bus Contention Among Multiple Masters 
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8080A CPU 
= Power-Up Reset for CPU 
= Ready Synchronizing Flip-Flop 
= Advanced Status Strobe 


8224 
CLOCK GENERATOR AND DRIVER 
FOR 8080A CPU 


= Single Chip Clock Generator/Driver for 


= Oscillator Output for External System 


Timing 


= Crystal Controlled for Stable System 


Operation 


= Reduces System Package Count 


The Intel® 8224 is a single chip clock generator/driver for the 8080A CPU. It is controlled by a crystal, selected by the 
designer to meet a variety of system speed requirements. 


Also included are circuits to provide power-up reset, advance status strobe, and synchronization of ready. 


The 8224 provides the designer with a significant reduction of packages used to generate clocks and timing for 8080A. 


fis> XTALI 


OSCILLATOR osc [12> 
XTAL2 
fi3> TANK 

>» [Dd 

%2 

o,(TTLI[6 > 

[5>  syNc o- STSTB [7 > 
[2> RESIN 

SCHMITT 
INPUT RESET [1 > 
[3>> RDYIN READY [4 > 


Figure 1. Block Diagram 
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[_xtaL1 |{ connections sis 
READY INPUT XTAL 2 FOR CRYSTAL 
READY OUTPUT | | TANK | USEDWITHOVERTONE XTAL_| 
SYNC INPUT | Osc | —COSCILLATOROUTPUT 
STATUS STB 2 (TTL) ¢2 CLK (TTL LEVEL) 
(ACTIVE LOW) Vcc +5V 

hws [ Vo | +a = SSCid 
CLOCKS | GND | WV 


RESET[ 91 


16f | Voc 
RESIN[ 92 15] _]XTAL1 
RDYIN[ }3 14] | XTAL2 
READY[ }4 

SYNC{| ]5 
¢,(TTL)[ 6 
ststB[ 47 


GND| ]8 


RESET INPUT 


Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under “Absolute 

Maximum Ratings”’ may cause permanent damage to the 
Temperature Under Bias............--: 0°C to 70°C device. This is a stress rating only and functional opera- 
Storage Temperature.............. —65°C to 150°C tion of the device at these or any other conditions above 
Supply Voltage, Ve. 2 ckewe we setae —0.5V to +7V those indicated in the operational sections of this specifi- 
Supply Voltage, Vpp...........-4- —0.5V to +13.5V cation is not implied. Exposure to absolute maximum 
OT VOMGGG sc «5 e988 O OM de BOHR we ws —1.5V to +7V rating conditions for extended periods may affect device 
Output COME. << sc ss556%64 60 OR ORS ER RRS 100mA reliability. 


D.C. CHARACTERISTICS (tT, = 0°C to 70°C, Veg = +5.0V +5%, Vpp = +12V +5%) 


sons 
Symbol Parameter | Min. | Typ. | [ee Tw | oct Test Conditions 


eee 
A i a Sr 


Input ‘‘High’’ Voltage 2.6 a Input 
2.0 All Other <<" ae 


Output ‘‘Low” Voltage Me BOY ee on Ready, Reset, STSTB 
lot =2.5mA 

All Other Outputs 

lo = 15mA 


VOH Output “High” Voltage 
o, ,¢2 
READY, RESET 
All Other Outputs V 


Isc (1) Output Short Circuit Current —- OV 
(All Low Voltage Outputs a aa eee resect 5.0V 
Pleo | Power Supply Current 


Note: 1. Caution, ¢4 and $2 output drivers do not have short circuit protection 


= 


Crystal Requirements 


Tolerance: 0.005% at 0°C-70°C 
Resonance: Series (Fundamental)* 
Load Capacitance: 20-35 pF 
Equivalent Resistance: 75-20 ohms 
Power Dissipation (Min): 4 mW 


*With tank circuit use 3rd overtone mode. 
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A.C. CHARACTERISTICS (Vcc = +5.0V +5%, Vpp = +12.0V +5%, Ta = 0°C to 70°C) 


pte 1 Pulse Width ee 
2 Pulse Width ae 


tp1 $1 to $2 Delay 


to 9 

t - 

to 9 

2 to >; Delay “5 - 14ns 
t 


Test 
Conditions 


Limits 
Ty 


Tc 


Y 

9 

< 
N 
=) 
5 
nn 


| 
< 
Ss) 
3 
“ 
< 


2 2 
9 ° 
< < 
w 
3 


Cy. = 20pF to 50pF 


$1 and $2 Rise Time 
$1 and $5 Fall Time 


~~ 
$o to STSTB Delay Gtcy _ 


“+ 
N 
Oo 


+15 g2TTL,CL=30 
R,=300Q2 


R=6002 


1 
o2 
D2 
D3 
R 
F 
PW 
DR 


STSTB Pulse Width CY _ 15ns STSTB, CL=15pF 
9 R,=2K 
. Ro =4K 
— RDYIN Setup Time to 5Ons - 4tcy 2 
Status Strobe 9 
RDYIN Hold Time 4tcy 
tDRH eee 
After STSTB 9 
RDYIN or RESIN to Atcy _ 25ns Ready & Reset 


t 
CL=10pF 


R1,=2K 
Ro=4K 


2 Delay 


CLK Period 
f Maximum Oscillating 
eats Frequency 


MHz 


NO 
~ 


fo)) 
o|8 
< 


a 7 


Cn Input Capacitance pF Vec=+5.0V 
Vpp=+12V 
Veias=2.5V 


f=1MHz 
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A.C. CHARACTERISTICS (Continued) = (For tcy = 488.28 ns) (Ta = 0°C to 70°C, Vpp = +5V +5%, 


Vpp = +12V +5%) 
tae | teateteie | 


| ter «| Pulse Width toy =488.28ns 
| tga ss] = Pulse Width 236 
a z 


Delay $, to $2 
Delay $2 to $ 


$, & @2 Loaded to 
C, =20 to 50pF 


i<e) 


tp3 Delay $1 to $2 Leading Edges 10 


Output Rise Time 
Output Fall Time 


aes 

a 

— 

a 

a 

a 

, a 

6 | 
a 


Status Strobe Pulse Width 
RDYIN SetupTimetoSTSTB | -167 


tori RDYINHold TimeafterSTSTB | 217 


tor READY or RESET 192 
to dz Delay 


Oscillator Frequency 


Ready & Reset Loaded 
to 2mA/10pF 

All measurements 
referenced to 1.5V 
unless specified 
otherwise. 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 


DEVICE 
> TEST POINTS < 


0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FORALOGIC “1” AND 0.45V FOR 
ALOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FOR ALOGIC “1” 
AND 0.8V FOR A LOGIC “0” (UNLESS OTHERWISE NOTED). 


C, INCLUDES JIG CAPACITANCE 
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%2(TTL) 


SYNC 
(FROM 8080A) 


| —— tpygg ———---- — - tow 


tory 
| 


READY OUT \ 


| 
RESET OUT ” 


VOLTAGE MEASUREMENT POINTS: $4, $2 Logic “0” = 1.0V, Logic ‘1’ = 8.0V. All other signals measured at 1.5V. 


6-86 AFN-00732B 


8228/8238 
SYSTEM CONTROLLER AND BUS DRIVER 
FOR 8080A CPU 


# Single Chip System Control for 
MCS-80°® Systems 


we Built-in Bidirectional Bus Driver for 
Data Bus Isolation 


= Allows the Use of Multiple Byte 
Instructions (e.g. CALL) for Interrupt 
Acknowledge 


= User Selected Single Level Interrupt 
Vector (RST 7) 


a 28-Pin Dual In-Line Package 
m Reduces System Package Count 


™ 8238 Had Advanced |OW/MEMW for 
Large System Timing Control 


The Intel® 8228 is a single chip system controller and bus driver for MCS-80. It generates all signals required to 
directly interface MCS-80 family RAM, ROM, and I/O components. 


A bidirectional bus driver is included to provide high system TTL fan-out. It also provides isolation of the 8080 data bus 
from memory and I/O. This allows for the optimization of control signals, enabling the systems designer to use slower 
memory and I/O. The isolation of the bus driver also provides for enhanced system noise immunity. 


A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small system 
requirements. The 8228 also generates the correct control signals to allow the use of multiple byte instructions (e.g., 
CALL) in response to an interrupt acknowledge by the 8080A. This feature permits large, interrupt driven systems to 


have an unlimited number of interrupt levels. 


The 8228 is designed to support a wide variety of system bus structures and also reduce system package count for 


cost effective, reliable design of the MCS-80 systems. 


Note: The specifications for the 3228/3238 are identical with those for the 8228/8238 


CPU 
DATA 

4 
BUS D, 


BI-DIRECTIONAL 
BUS DRIVER 


| atinc pp 


ARRAY 


Figure 1. Block Diagram 


SYSTEM DATA BUS 


7 22 
8228/8238 
8 21 


| MEMR_ | MEMORYREAD 
[ oBiN [| DBIN(FROM 8080) 


PWR | WR (FROM 8080) 
-SUSEN | BUS ENABLEINUT 


B 
Teno | evouts 


Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias.............. —0°C to 70°C 
Storage Temperature.............. — 65°C to 150°C 
Supply Voltage, Voc..... 2... eee ee eee —0.5V to +7V 
INDUL VONAGE. «dc ote ct ewe ee Wee ges —1.5Vto +7V 
OUutsul CUNGM . .iconkcsevana whEn¥ oan ees 100 mA 


D.C. CHARACTERISTICS 


Symbol 
Ve 


: All Other Inputs 


Input Threshold Voltage, All Inputs 
Power Supply Current 


Output Low Voltage, 


Parameter 


Input Clamp Voltage, All Inputs 


Input Load Current, 
STSTB 


Do, D;, D4, Ds, 


All Other Inputs 


Input Leakage Current 


All Other Outputs 


VoH Output High Voltage, 
Do-D7 
All Other Outputs 
los Short Circuit Current, All Outputs 


Off State Output Current, 
All Control Outputs 


INTA Current 


- wo 

ol >) 
zr 
> 


8228/8238 


“NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not limited. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


(Ta = 0°C to 70°C, Voc = 5V +5%) 


Limits 
yp.(1 


Vec=4.75V; Ic=-5mA 


~i 
ar. 
on 


V 


ar Veo=828¥ 
| | 750 | uA Ve =0.45V 
Bri 
| 280 | HA 

100 uA Vec =5.25V 


= 
> 


Vr =5.25V 


= 
> 


Vec=5.25V 


Vec =4,75V; lor =2mA 


lo, = 10mA 


V Vec=4.75V; Iloy=-10uA 


V 
V 


= 


Vf tow=-tmA 
ma | vos 


LA 


uA 
mA 


Vec =§.25V; Vo =5.25 
Vo =.45V 
(See INTA Test Circuit) 


Note 1: Typical values are for Ta = 25°C and nominal supply voltages. 
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CAPACITANCE (Vaiss = 2.5V, Vcc = 5.0V, Ta = 25°C, f = 1 MHz) 
This parameter is periodically sampled and not 100% tested. 


Symbol Parameter | Min Typ.(1] Max. | 
Civ___Input Capacitance | | 8 | 12 | PF 


Output Capacitance 

F 
\/O Capacitance 

F 


A.C. CHARACTERISTICS (Ta = 0°C to 70°C, Voc = 5V +5%) 


Limits 
Parameter | Min. | 


Width of Status Strobe 

Setup Time, Status Inputs Dg-D7 | 8 | 

tsH | Hold Time, Status Inputs Dg-D7 | @ | 
Delay from STSTB to any Control Signal | 20 | 
trRr Delay from DBIN to Control Outputs Lf 

Delay from DBIN to Enable/Disable 8080 Bus |. | C= 25pF 

Delay from System Bus to 8080 Bus during Read se Cy = 25pF 

twr Delay from WR to Control Outputs = ns CL = 100pF 

CL 


C. = 100pF 
C. = 100pF 


Ww Ww 
oO =) 


: 
ol 


twe Delay to Enable System Bus DBg-DB7 after STSTB = 100pF 
C. = 100pF 


two Delay from 8080 Bus Dg-D7 to System Bus 
DBy-DB7 during Write 


Delay from System Bus Enable to System Bus DBy-DB7 


| typ | HLDA to Read Status Outputs 
} tps Setup Time, System Bus Inputs to HLDA 
Hold Time, System Bus Inputs to HLDA 


CL = 100pF 


C. = 100pF 


oO 


A.C. TESTING LOAD CIRCUIT 


DEVICE 
UNDER 
TEST 


For Dg-D7: R41 = 4K2, Rg= ©, 
Cy = 25pF. For all other outputs: 
Rz = 5002, R2= 1K2, Cy = 100pF. 


INTA Test Circuit (for RST 7) 
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WAVEFORM 


oy 
STATUS STROBE 


8080 DATA BUS . i). 3 


OBIN 


INTA, |OR, MEMR : 
toc 
>| je tho 
INTA, |OR, MEMR 
DURING HLDA 
SYSTEM BUS DURING READ a GD. 
CK eee ------ 


8080 BUS DURING READ: — — — — — — — ———tl¢ 
wR 
“toc P| ‘wr _ —>| |= ‘wr 
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8237/8237-2 
HIGH PERFORMANCE 
PROGRAMMABLE DMA CONTROLLER 


u Enable/Disable Control of Individual a High Performance: Transfers up to 1.6M 
DMA Requests Bytes/Second with 5 MHz 8237-2 
a Four Independent DMA Channels a Directly Expandable to any Number of 
Channels 
= Independent Autoinitialization of all 
Channels = End of Process Input for Terminating 
Transfers 


= Memory-to-Memory Transfers 

a Software DMA Requests 
a Memory Block Initialization 

a Independent Polarity Control for DREQ 
= Address Increment or Decrement and DACK Signals 


The 8237 Multimode Direct Memory Access (DMA) Controller is a peripheral interface circuit for microprocessor sys- 
tems. It is designed to improve system performance by allowing external devices to directly transfer information to or 
from the system memory. Memory-to-memory transfer capability is also provided. The 8237 offers a wide variety of pro- 
grammable control features to enhance data throughput and system optimization and to allow dynamic reconfigura- 
tion under program control. 


The 8237 is designed to be used in conjunction with an external 8-bit address register such as the 8282. It contains 
four independent channels and may be expanded to any number of channels by cascading additional controller chips. 


The three basic transfer modes allow programmability of the types of DMA service by the user. Each channel can be 
individually programmed to Autoinitialize to its original condition following an End of Process (EOP). 


Each channel has a full 64K address and word count capability. 
The 8237-2 is a5 MHz selected version of the standard 3 MHz 8237. 
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Figure 1. Block Diagram Pin Configuration 
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Symbol 


Table 1. Pin Description 


Name and Function 


Yoo Power: +5 volt supply. 


Ground: Ground. 


Clock Input: Clock Input controls 
the internal operations of the 8237 
and its rate of data transfers. The 
input may be driven at up to 3 MHz 
for the standard 8237 and up to 5 
MHz for the 8237-2. 


Chip Select: Chip Select is an ac- 
tive low input used to select the 


8237 as an I/O device during the Idle 
cycle. This allows CPU communica- 


RESET 


READY 


- 8 


DREQO-DREQ3 . 


DBO-DB7 


tion on the data bus. 


Reset: Reset is an active high input 
which clears the Command, Status, 
Request and Temporary registers. It 
also clears the first/last flip/flop and 
sets the Mask register. Following a 
Reset the device is in the Idle cycle. 


Ready: Ready is an input used to 
extend the memory read and write 
pulses from the 8237 to accommo- 
date slow memories or I/O periph- 
eral devices. 


Hold Acknowledge: The active 
high Hold Acknowledge from the 
CPU Indicates that control of the 
system busses have been 
relinquished. 


DMA Request: The DMA Request 
lines are individual asynchronous 
channel request inputs used by pe- 
ripheral circuits to obtain DMA ser- 
vice. In Fixed Priority, DREQO has 
the highest priority and DREQ3 has 
the lowest priority. A request is gen- 
erated by activating the DREQ line 
of a channel. DACK will acknowl- 
edge the recognition of DREQ 
signal. Polarity of DREQ is pro- 
grammable. Reset initializes these 
lines to active high. DREQ must be 
maintained until the corresponding 
DACK goes active. 


Data Bus: The Data Bus lines are 
bidirectional three-state signals 
connected to the system data bus. 
The outputs are enabled in the Pro- 
gram Condition during the I/O Read 
to output the contents of an 
Address register, a Status register, 
the Temporary register or a Word 
Count register to the CPU. The out- 
puts are disabled and the inputs are 
read during an |/O Write cycle when 
the CPU is programming the 8237 
control registers. During DMA cy- 
cles the most significant 8 bits of the 
address are output onto the data 
bus to be strobed into an external 
latch by ADSTB. In memory-to- 
memory operations, data from the 
memory comes into the 8237 on the 
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Type | Name and Function 


data bus during the read-from- 
memory transfer. In the write-to- 
memory transfer, the data bus out- 
puts place the data into the new 
memory location. 


1/O Read: I/O Read is a bidiret- 
tional active low three-state line. In 
the Idle cycle, it is an input control 
signal used by the CPU to read the 
control registers. In the Active cy- 
cle, it is an output control signal 
used by the 8237 to access data 
from a peripheral during a DMA 
Write transfer. 


1/O Write: 1/O Write is a bidirec- 
tional active low three-state line. In 
the Idle cycle, it is an input control 
signal used by the CPU to load in- 
formation into the 8237. In the Ac- 
tive cycle, it is an output control 
signal used by the 8237 to load data 
to the peripheral during a DMA 
Read transfer. 


End of Process: End of Process is 
an active low bidirectional signal. 
Information concerning the com- 
pletion of DMA services is available 
at the bidirectional EOP pin. The 
8237 allows an external signal to 
terminate an active DMA service. 
This is accomplished by pulling the 
DOP input low with an external EOP 
signal. The 8237 also generates a 
pulse when the terminal count (TC) 
for any channel is reached. This 
generates an EOP signal which is 
output through the EOP Line. The 
reception of EOP, either internal or 
external, will cause the 8237 to ter- 
minate the service, reset the re- 
quest, and, if Autoinitialize is 
enabled, to write the base registers 
to the current registers of that 
channel. The mask bit and TC bit in 
the status word will be set for the 
currently active channel by EOP un- 
less the channel is programmed for 
Autoinitialize. In that case, the mask 
bit remains clear. During memory- 
to-memory transfers, EOP will be 
output when the TC for channel 1 
occurs. EOP should be tied high 
with a pull-up resistor if it is not 
used to prevent erroneous end of 
process inputs. 


Address: The four least significant 
address lines are bidirectional 
three-state signals. In the Idle cycle 
they are inputs and are used by the 
8237 to address the control register 
to be loaded or read. In the Active 
cycle they are outputs and provide 
the lower 4 bits of the output 
address. 
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Table 1. Pin Description (Continued) 


Name and Function 


Address: The four most significant 
address lines are three-state out- 
puts and provide 4 bits of address. 
These lines are enabled only during 
the DMA service. 


Hold Request: This is the Hold Re- 
quest to the CPU and is used to re- 
quest control of the system bus. If 
the corresponding mask bit is clear, 
the presence of any valid DREQ 
causes the 8237 to issue the HRQ. 
After HRQ goes active at least one 
clock cycle (TCY) must occur be- 
fore HLDA goes active. 


DMA Acknowledge: DMA Ac- 
knowledge is used to notify the in- 
dividual peripherals when one has 
been granted a DMA cycle. The 
sense of these lines is program- | 
mable. Reset initializes them to ac- 
tive low. 


DACKO-DACK3 ; 


FUNCTIONAL DESCRIPTION 


The 8237 block diagram includes the major logic blocks 
and all of the internal registers. The data interconnec- 
tion paths are also shown. Not shown are the various 
control signals between the blocks. The 8237 contains 
344 bits of internal memory in the form of registers. 
Figure 3 lists these registers by name and shows the 
size of each. A detailed description of the registers and 
their functions can be found under Register Descrip- 
tion. 


Base Address Registers 

Base Word Count Registers 
Current Address Registers 
Current Word Count Registers 
Temporary Address Register 


Temporary Word Count Register 
Status Register 

Command Register 

Temporary Register 

Mode Registers 

Mask Register 

Request Register 


a st Pei et oe ao os LLP fh A 


Figure 3. 8237 Internal Registers 


The 8237 contains three basic blocks of control logic. 
The Timing Control block generates internal timing and 
external control signals for the 8237. The Program Com- 
mand Control block decodes the various commands 
given to the 8237 by the microprocessor prior to servic- 
ing a DMA Request. It also decodes the Mode Control 
word used to select the type of DMA during the servic- 
ing. The Priority Encoder block resolves priority conten- 
tion between DMA channels requesting service simul- 
taneously. 
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Address Enable: Address Enable 
enables the 8-bit latch containing 
the upper 8 address bits onto the 
system address bus. AEN can also 
be used to disable other system bus 
drivers during DMA transfers. AEN 
is active HIGH. 


Address Strobe: The active high, 
Address Strobe is used to strobe the 
upper address byte into an external 
latch. 


Memory Read: The Memory Read 
signal is an active low three-state 
output used to access data from the 
selected memory location during a 
DMA Read or a memory-to-memory 
transfer. 


Memory Write: The Memory Write 
is an active low three-state output 
used to write data to the selected 
memory location during a DMA 
Write or a memory-to-memory 
transfer. 


The Timing Control block derives internal timing from 
the clock input. In 8237 systems this input will usually 
be the ¢2 TTL clock from an 8224 or CLK from an 8085/ 
However, any appropriate system clock will suffice. 


DMA Operation 


The 8237 is designed to operate in two major cycles. 
These are called Idle and Active cycles. Each device 
cycle is made up of a number of states. The 8237 can 
assume seven separate states, each composed of one 
full clock period. State | (SI) is the inactive state. It is 
entered when the 8237 has no valid DMA requests pend- 
ing. While in SI, the DMA controller is inactive but may 
be in the Program Condition, being programmed by the 
processor. State O (SO) is the first state of a DMA ser- 
vice. The 8237 has requested a hold but the processor 
has not yet returned an acknowledge. An acknowledge 
from the CPU will signal that transfers may begin. S1, 
$2, S3 and S4 are the working states of the DMA service. 
If more time is needed to complete a transfer than is 
available with normal timing, wait states (SW) can be in- 
serted between S2 or S3 and S4 by the use of the Ready 
line on the 8237. 


Memory-to-memory transfers require a read-from and a 
write-to-memory to complete each transfer. The states, 
which resemble the normal working states, use two 
digit numbers for identification. Eight states are re- 
quired for a single transfer. The first four states (S11, 
$12, S13, S14) are used for the read-from-memory half 
and the last four states (S21, S22, $23, S24) for the write- 
to-memory half of the transfer. 
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IDLE CYCLE 


When no channel is requesting service, the 8237 will 
enter the Idie cycle and perform “S!” states. In this 
cycle the 8237 will sample the DREQ lines every clock 
cycle to determine if any channel! is requesting a DMA 
service. The device will also sample CS, looking for an 
attempt by the microprocessor to write or read the inter- 
nal registers of the 8237. When CS is low and HRQ is 
low, the 8237 enters the Program Condition. The CPU 
can now establish, change or inspect the internal defini- 
tion of the part by reading from or writing to the internal 
registers. Address lines A0O-A3 are inputs to the device 
and select which registers will be read or written. The 
1OR and IOW lines are used to select and time reads or 
writes. Due to the number and size of the internal regis- 
ters, an internal flip-flop is used to generate an addi- 
tional bit of address. This bit is used to determine the 
upper or lower byte of the 16-bit Address and Word 
Count registers. The flip-flop is reset by Master Clear or 
Reset. A separate software command can also reset this 
flip-flop. 


Special software commands can be executed by the 
8237 in the Program Condition. These commands are 
decoded as sets of addresses with the CS and IOW. The 
commands do not make use of the data bus. Instruc- 
tions include Clear First/Last Flip-flop and Master Clear. 


ACTIVE CYCLE 


When the 8237 is in the Idle cycle and a channel re- 
quests a DMA service, the device will output an HRQ to 
the microprocessor and enter the Active cycle. It is in 
this cycle that the DMA service will take place, in one of 
four modes: 


Single Transfer Mode — In Single Transfer mode the 
device is programmed to make one transfer only. The 
word count will be decremented and the address decre- 
mented or incremented following each transfer. When 
the word count goes to zero, a Terminal Count (TC) will 
cause an Autoinitialize if the channel has been program- 
med to do so. 


DREQ must be held active until DACK becomes active in 
order to be recognized. If DREQ is held active through- 
out the single transfer, HRQ will go inactive and release 
the bus to the system. It will again go active and, upon 
receipt of a new HLDA, another single transfer will be 
performed. In 8080A/8085A systems this will ensure one 
full machine cycle execution between DMA transfers. 
Details of timing between the 8237 and other bus con- 
trol protocols will depend upon the characteristics of 
the microprocessor involved. 


Block Transfer Mode — In Block Transfer mode the 
device is activated by DREQ to continue making trans- 
fers during the service until a TC, caused by word count 
going to zero, or an external End of Process (EOP) is en- 
countered. DREQ need only be held active until DACK 
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becomes active. Again, an Autoinitialization will occur 
at the end of the service if the channel has been pro- 
grammed for it. 


Demand Transfer Mode — In Demand Transfer mode the 
device is programmed to continue making transfers un- 
til a TC or external EOP is encountered or until DREQ 
goes inactive. Thus transfers may continue until the I/O 
device has exhausted its data capacity. After the I/O 
device has had a chance to catch up, the DMA service is 
re-established by means of a DREQ. During the time 
between services when the microprocessor is allowed 
to operate, the intermediate values of address and word 
count are stored in the 8237 Current Address and Cur- 
rent Word Count registers. Only an EOP can cause an 
Autoinitialize at the end of the service. EOP is generated 
either by TC or by an external signal. 


Cascade Mode — This mode is used to cascade more 
than one 8237 together for simple system expansion. 
The HRQ and HLDA signals from the additional 8237 
are connected to the DREQ and DACK signals of a chan- 
nel of the initial 8237. This allows the DMA requests of 
the additional device to propagate through the priority 
network circuitry of the preceding device. The priority 
chain is preserved and the new device must wait for its 
turn to acknowledge requests, Since the cascade chan- 
nel in the initial device is used only for prioritizing the 
additional device, it does not output any address or con- 
trol signals of its own. These would conflict with the 
Outputs of the active channel in the added device. The 
8237 will respond to DREQ and DACK but all other out- 
puts except HRQ will be disabled. 


Figure 4 shows two additional devices cascaded into an 
initial device using two of the previous channels. This 
forms a two level DMA system. More 8237s could be 
added at the second level by using the remaining chan- 
nels of the first level. Additional devices can also be 
added by cascading into the channels of the second 
level devices, forming a third level. 


2ND LEVEL 


1ST LEV 
MICROPROCESSOR SS 


INITIAL DEVICE 


ADDITIONAL 
DEVICES 


Figure 4. Cascaded 8237s 
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TRANSFER TYPES 


Each of the three active transfer modes can perform 
three different types of transfers. These are Read, Write 
and Verify. Write transfers move data from an I/O device 
to the memory by activating MEMW and IOR. Read 
transfers move data from memory to an I/O device by ac- 
tivating MEMR and IOW. Verify transfers are pseudo 
transfers. The 8237 operates as in Read or Write trans- 
fers generating addresses, and responding to EOP, etc. 
However, the memory and I/O control lines all remain 
inactive. 


Memory-to-Memory — To perform block moves of data 
from one memroy address space to another with a mini- 
mum of program effort and time, the 8237 includes a 
memory-to-memory transfer feature. Programming a bit 
in the Command register selects channels 0 and 1 to 
operate as memory-to-memory transfer channels. The 
transfer is initiated by setting the software DREQ for 
channel 0. The 8237 requests a DMA service in the nor- 
mal manner. After HLDA is true, the device, using eight- 
state transfers in Block Transfer mode, reads data from 
the memory. The channel 0 Current Address register is 
the source for the address used and is decremented or 
incremented in the normal manner. The data byte read 
from the memory is stored in the 8237 internal Tempo- 
rary register. Channel 1 then writes the data from the 
Temporary register to memory using the address in its 
Current Address register and incrementing or decre- 
menting it in the normal manner. The channel 1 Current 
Word Count is decremented. When the word count of 
channel 1 goes to zero, a TC is generated causing an 
EOP output, terminating the service. 

Channel 0 may be programmed to retain the same ad- 
dress for all transfers. This allows a single word to be 
written to a block of memory. 


The 8237 will respond to external EOP signals during 
memory-to-memory transfers. Data comparators in 
block search schemes may use this input to terminate 
the service when a match is found. The timing of 
memory-to-memory transfers is found in Diagram 4. 
Memory-to-memory operations can be detected as 
an active AEN with no DACK outputs. 


Autoinitialize — By programming a bit in the Mode reg- 
ister, a channel may be set up as an Autoinitialize 
channel. During Autoinitialize initialization, the original 
values of the Current Address and Current Word Count 
registers are automatically restored from the Base Ad- 
dress and Base Word Count registers of that channel 
following EOP. The base registers are loaded simultane- 
ously with the current registers by the microprocessor 
and remain unchanged throughout the DMA service. The 
mask bit is not set when the channel is in Autoinitialize. 
Following Autoinitialize the channel is ready to perform 
another service without CPU intervention. 


Priority — The 8237 has two types of priority encoding 
available as software selectable options. The first is 
Fixed Priority which fixes the channels in priority order 
based upon the descending value of their number. The 
channel with the lowest priority is 3 followed by 2, 1 and 
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the highest priority channel, 0. After the recognition of 
any one channel for service, the other channels are pre- 
vented from interferring with that service until it is com- 
pleted. 


The second scheme is Rotating Priority. The last chan- 
nel to get service becomes the lowest priority channel 
with the others rotating accordingly. 


ist 2nd 3rd 
Service Service Service 
highest 0 2 ~@— service 3 ~<a@— service 
1 ~e— service 3 <g— request 0 
2 \e 1 
lowest 3 1 2 


With Rotating Priority in a single chip DMA system, any 
device requesting service is guaranteed to be recog- 
nized after no more than three higher priority services 
have occurred. This prevents any one channel from 
monopolizing the system. 


Compressed Timing — In order to achieve even greater 
throughput where system characteristics permit, the 
8237 can compress the transfer time to two clock 
cycles. From Timing Diagram 3 it can be seen that state 
S3 is used to extend the access time of the read pulse. 
By removing state S3, the read pulse width is made 
equal to the write pulse width and a transfer consists 
only of state S2 to change the address and state S4 to 
perform the read/write. S1 states will still occur when 
A8-A15 need updating (see Address Generation). Tim- 
ing for compressed transfers is found in Diagram 6. 


Address Generation — In order to reduce pin count, the 
8237 multiplexes the eight higher order address bits on 
the data lines. State S1 is used to output the higher 
order address bits to an external latch from which they 
may be placed on the address bus. The falling edge of 
Address Strobe (ADSTB) is used to load these bits from 
the data lines to the latch. Address Enable (AEN) is used 
to enable the bits onto the address bus through a three- 
State enable. The lower order address bits are output by 
the 8237 directly. Lines AO-A7 should be connected to 
the address bus. Timing Diagram 3 shows the time rela- 
tionships between CLK, AEN, ADSTB, DBO-DB7 and 
A0-A7. 


During Block and Demand Transfer mode services, 
which include multiple transfers, the addresses gener- 
ated will be sequential. For many transfers the data held 
in the external address latch will remain the same. This 
data need only change when a carry or borrow from A7 
to A8 takes place in the normal sequence of addresses. 
To save time and speed transfers, the 8237 executes S1 
states only when updating of A8-A15 in the latch is 
necessary. This means for long services, S1 states may 
occur only once every 256 transfers, a savings of 255 
clock cycles for each 256 transfers. 
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REGISTER DESCRIPTION 


Current Address Register — Each channel has a 16-bit 
Current Address register. This register holds the value 
of the address used during DMA transfers. The address 
is automatically incremented or decremented after each 
transfer and the intermediate values of the address are 
stored in the Current Address register during the 
transfer. This register is written or read by the micro- 
processor in successive 8-bit bytes. It may also be re- 
initialized by an Autoinitialize back to its original value. 
Autoinitialize takes place only after an EOP. 


Current Word Register — Each channel has a 16-bit Cur- 
rent Word Count register. This register holds the num- 
ber of transfers to be performed. The word count is 
decremented after each transfer. The intermediate value 
of the word count is stored in the register during the 
transfer. When the value in the register goes to zero, a 
TC will be generated. This register is loaded or read in 
successive 8-bit bytes by the microprocessor in the Pro- 
gram Condition. Following the end of a DMA service it 
may also be reinitialized by an Autoinitialization back to 
its original value. Autoinitialize can occur only when an 
EOP occurs. 


Base Address and Base Word Count Registers — Each 
channel has a pair of Base Address and Base Word 
Count registers. These 16-bit registers store the original 
value of their associated current registers. During Auto- 
initialize these values are used to restore the current 
registers to their original values. The base registers are 
written simultaneously with their corresponding current 
register in 8-bit bytes in the Program Condition by the 
microprocessor. These registers cannot be read by the 
microprocessor. 


Command Register — This 8-bit register controls the 
operation of the 8237. It is programmed by the micro- 
processor in the Program Condition and is cleared by 
Reset. The following table lists the function of the com- 
mand bits. See Figure 6 for address coding. 


Mode Register — Each channel has a 6-bit Mode regis- 
ter associated with it. When the register is being written 
to by the microprocessor in the Program Condition, bits 
0 and 1 determine which channel Mode register is to be 
written. 


Request Register — The 8237 can respond to requests 
for DMA service which are initiated by software as well 
as by a DREQ. Each channel has a request bit associ- 
ated with it in the 4-bit Request register. These are non- 
maskable and subject to prioritization by the Priority En- 
coder network. Each register bit is set or reset sepa- 
rately under software control or is cleared upon genera- 
tion of a TC or external EOP. The entire register is 
cleared by a Reset. To set or reset a bit, the software 
loads the proper form of the data word. See Figure 5 for 
address coding. 
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Command Register 
7 6 5 4 3 2 1 O «<¢——Bit Number 


0 Memory-to-memory disable 
Memory-to-memory enable 


_ 


QO Channel 0 address hold disable 
1 Channel 0 address hold enable 
X If bitO=0 


Controller enable 
1 Controller disable 


0 Normal timing 
1 Compressed timing 
X If bitO=1 


0 Fixed priority 
1 Rotating priority 


QO Late write selection 
1 Extended write selection 
xX If bit3=1 


DREQ sense active high 
1 DREQ sense active low 


DACK sense active low 
1 DACK sense active high 


Mode Register 
7 6 5 4 3 2 1 O <¢— Bit Number 


00 Channel 0 select 
01 Channel 1 select 
10 Channel 2 select 
11 Channel 3 select 


00 Verify transfer 

01 Write transfer 

10 Read transfer 

11 Illegal 

XX If bits 6 and 7=11 


Autoinitialization disable 
1 Autoinitialization enable 


Address increment select 
1 Address decrement select 


00 Demand mode select 
01 Single mode select 
10 Block mode select 
11 Cascade mode select 


Request Register 
7 6 5 4 3 2 1 O ~<«—Bit Number 


en antl 00 Select channel 0 
Don’t Care 01 Select channel 1 
10 Select channel 2 

11 Select channel 3 


QO Reset request bit 
1 Set request bit 


Software requests will be serviced only if the channel is 
in Block mode. When initiating a memory-to-memory 
transfer, the software request for channel 0 should be 
set. 
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Mask Register — Each channel has associated with it a 
mask bit which can be set to disable the incoming 
DREQ. Each mask bit is set when its associated channel 
produces an EOP if the channel is not programmed for 
Autoinitialize. Each bit of the 4-bit Mask register may 
also be set or cleared separately under software control. 
The entire register is also set by a Reset. This disables 
all DMA requests until a clear Mask register instruction 
allows them to occur. The instruction to separately set 
or clear the mask bits is similar in form to that used with 
the Request register. See Figure 5 for instruction ad- 
dressing. 


7 6 5 4 3 2 1 =O ~<&t—— Bit Number 


a 00 Select channel 0 mask bit 
Don’t Care 01 Select channel 1 mask bit 

10 Select channel 2 mask bit 

11 Select channel 3 mask bit 


Q Clear mask bit 
1 Set mask bit 


All four bits of the Mask register may also be written 
with a single command. 


7 6 5 43 2 #1 =O <¢——Bit Number 


——— 0 Clear channel 0. mask bit 
Don’t Care Set channel 0 mask bit 


—_ 


0 Clear channel 1 mask bit 
1 Set channel 1 mask bit 


0 Clear channel 2 mask bit 
1 Set channel 2 mask bit 


0 Clear channel 3 mask bit 
1 Set channel 3 mask bit 


Command 
Mode Write 


Request Write 
Mask Set/Reset 
Mask Write 
Temporary | Read 
Status Read 


Figure 5. Definition of Register Codes 


Status Register — The Status register is available to 
be read out of the 8237 by the microprocessor. It con- 
tains information about the status of the devices at this 
point. This information includes which channels have 
reached a terminal count and which channels have 
pending DMA requests. Bits 0-3 are set every time a TC 
is reached by that channel or an external EOP 
is applied. These bits are cleared upon Reset 
and on each Status Read. Bits 4-7 are set when- 
ever their corresponding channel is requesting service. 


7 6 5 4 3 2 1 =O «<&—— Bit Number 


Channel 0 has reached TC 
Channel 1 has reached TC 
Channel 2 has reached TC 


, 
1 
1 
1 Channel 3 has reached TC 


Channel 0 request 
Channel 1 request 
Channel 2 request 
Channel 3 request 


1 
1 
1 
1 
Temporary Register — The Temporary register is used 
to hold data during memory-to-memory transfers. Fol- 
lowing the completion of the transfers, the last word 
moved can be read by the microprocessor in the Pro- 
gram Condition. The Temporary register always con- 
tains the last byte transferred in the previous memory- 
to-memory operation, unless cleared by a Reset. 


Software Commands — These are additional special 
software commands which can be executed in the Pro- 
gram Condition. They do not depend on any specific bit 
pattern on the data bus. The two software commands 
are: 


Clear First/Last Flip-Flop: This command is executed 
prior to writing or reading new address or word count 
information to the 8237. This initializes the flip-flop to 
a known state so that subsequent accesses to regis- 
ter contents by the microprocessor will address up- 
per and lower bytes in the correct sequence. 


Master Clear: This software instruction has the same 
effect as the hardware Reset. The Command, Status, 
Request, Temporary, and Internal First/Last Flip-Flop 
registers are cleared and the Mask register is set. The 
8237 will enter the Idle cycle. 


Figure 6 lists the address codes for the software com- 


mands: 


Read Status Register 


id 

za 

ra Write Command Register 
rg | Illegal 

lo | Write Request Register 
rE Illegal 

Lo | Write Single Mask Register Bit 
4 | Illegal 

ra Write Mode Register 

Ld! 


| 1 to | o | 
i 
| o 


Read Temporary Register 


Master Clear 


Illegal 


ee 
Ps ts ts Ts [it | 0 | Write aumask Register sits | 


Figure 6. Software Command Codes 
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Base and Current Address 


oO 


Current Address 


Base and Current Word Count 


Current Word Count 


Base and Current Address 


Current Address 


Base and Current Word Count 


Current Word Count 


Base and Current Address 


Current Address 


Base and Current Word Count 


Current Word Count 


Base and Current Address 


Current Address 


Base and Current Word Count 


Current Word Count 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Figure 7. Word Count and Address Register Command Codes 
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APPLICATION INFORMATION 


Figure 8 shows a convenient method for configuring a 
DMA system with the 8237 controller and an 8080A/ 
8085A microprocessor system. The multimode DMA 
controller issues a HRQ to the processor whenever 
there is at least one valid DMA request from a 
peripheral device. When the processor replies with a 
HLDA signal, the 8237 takes control of the address bus, 
the data bus and the control bus. The address for the 


first transfer operation comes out in two bytes — the 
least significant 8 bits on the eight address outputs and 
the most significant 8 bits on the data bus. The contents 
of the data bus are then latched into the 8282 8-bit latch 
to complete the full 16 bits of the address bus. The 8282 
is a high speed, 8-bit, three-state latch in a 20-pin 
package. After the initia! transfer takes place, the latch 
is updated only after a carry or borrow is generated in 
the least significant address byte. Four DMA channels 
are provided when one 8237 is used. 


ADDRESS BUS A0-A15 


DBO-DB7 


A8~-A15 


8282 


8-BIT LATCH 


CONTROL 


ys. | BUS 


SYSTEM DATA BUS 


Figure 8. 8237 System Interface 


6-99 


AFN-00789B 


intel 8237/8237-2 


ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under ‘‘Absolute 
Maximum Ratings’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Ambient Temperature under Bias ......... 0°C to 70°C tion of the device at these or any other conditions above 
Storage Temperature ............. — 65°C to + 150°C those indicated in the operational sections of this specifi- 
Voltage on any Pin with cation is not implied. Exposure to absolute maximum 

Respect TO GIOUNG succccccavenacntiawns -—0.5to7V rating conditions for extended periods may affect device 
POWEr DISSIDEUON bun nseccveteraneniwiadedinn 1.5 Watt reliability. 


D.C. CHARACTERISTICS (tT, = 0°C to 70°C, Voc = 5.0V +5%, GND = OV) 


Output HIGH Voltage 


vm 
| Vor | Output LOW Voltage 
Vi 
Mu 


VoH 
VoL 


NOTES: 


1. Typical values are for T, = 25°C, nominal supply voltage and nominal processing parameters. 


2. Input timing parameters assume transition times of 20 ns or less. Waveform measurement points for both input and output signals are 2.0V for HIGH 
and 0.8V for LOW, unless otherwise noted. 


3. Output loading is 1 TTL gate plus 50 pF capacitance, unless otherwise noted. 


4. The net IOW or MEMW Pulse width for normal write will be TCY-100 ns and for extended write will be 2TCY-100 ns. The net IOR or MEMR pulse 
width for normal read will be 2TCY-50 ns and for compressed read will be TCY-50 ns. 


5. TDQ is specified for two different output HIGH levels. TDQ1 is measured at 2.0V. TDQ2 is measured at 3.3V. The value for TDQ2 assumes an external 
3.3 kQ pull-up resistor connected from HRQ to Vcc. 


. DREQ should be held active until DACK is returned. 
. DREQ and DACK signals may be active high or active low. Timing diagrams assume the active high mode. 
. Output loading on the data bus is 1 TTL gate plus 100 pF capacitance. 


. Successive read and/or write operations by the external processor to program or examine the controller must be timed to allow at least 600 ns for the 
8237 and at least 400 ns for the 8237-2 as recovery time between active read or write pulses. 


10. Parameters are listed in alphabetical order. 


11. Pin 5 is an input that should always be at a logic high level. An internal pull-up resistor will establish a logic high when the pin is left floating. Alter- 
natively, pin 5 may be tied to Voc. 


oon om 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 DEVICE 
UNDER 

bie TEST POINTS < TEST 

: 0.8 C, = 150 pF 
0.45 


i 


C, INCLUDES JIG CAPACITANCE 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR AI.OGIC “1" AND 0.45V FOR 
A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC “1° 
AND 0.8V FOR A LOGIC 0." 


CL = 150 pF 


6-100 AFN-00789B 


intel 8237/8237-2 


A.C. CHARACTERISTICS—-DMA (MASTER) MODE (Ty = —55°C to 125°C, 


Voc = +5V +10%, GND = OV) 


TAEL AEN HIGH from CLK LOW (S1) Delay Time 
TAET AEN LOW from CLK HIGH (81) Delay Time 


TAFAB ADR Active to Float Delay from CLK HIGH 


8237-2 


fo] 
id 
(<*) 
i | 


ah 
ie) 


w 
oO 


olin 
o;o|;o 


150 


= 
NO 
(o) 2) oO 


TAFC READ or WRITE Float from CLK HIGH 150 
TAFDB DB Active to Float Delay from CLK HIGH 170 
TAHR ADR from READ HIGH Hold Time TCY-100 TCY-100 
TAHW ADR from WRITE HIGH Hold Time TCY-50 TCY-50 

DACK Valid from CLK LOW Delay Time 17 
TAK EOP HIGH from CLK HIGH Delay Time 170 


EOP LOW to CLK HIGH Delay Time 
TASM ADR Stable from CLK HIGH 


50 
20 


os 


—_— 
oO 
— 
oO 
Oo 


Ys 


Clock LOW Time (Transitions <10 ns) 1 
CLK Cycle Time 3 
TDCL CLK HIGH to READ or WRITE LOW Delay (Note 4) 


TDCTR READ HIGH from CLK HIGH (S4) Delay Time 
(Note 4) 

TDCTW WRITE HIGH from CLK HIGH (S4) Delay Time 
(Note 4) 


TDQ1 
TDa2 HRQ Valid from CLK HIGH Delay Time (Note 5) 


TEPS EOP LOW from CLK LOW Setup Time 


TEPW EOP Pulse Width 300 


TCH 
TCL 
TCY 


Nh 

sJ 

oO 
ye) 
(2) 
So 


i) 
NJ 
oO 
— 
i<e] 
o 


— 
oO 
© 


Nh 
oO 
io) 
: 
ie) 
7) 


ls || il 
NO | PO 
oS | © 


wily 
a | 
2) 


TFAAB ADR Float to Active Delay from CLK HIGH 
TFAC READ or WRITE Active from CLK HIGH 
TFADB DB Float to Active Delay from CLK HIGH 


THS HLDA Valid to CLK HIGH Setup Time 100 


TIDH Input Data from MEMR HIGH Hold Time 
TIDS Input Data to MEMR HIGH Setup Time 


TODH Output Data from MEMW HIGH Hold Time 


TODV Output Data Valid to MEMW HIGH 
TQS DREQ to CLK LOW (SI, S4) Setup Time 
TRH CLK to READY LOW Hold Time 


TRS READY to CLK LOW Setup Time 100 
TSTL ADSTB HIGH from CLK HIGH Delay Time 
TSTT ADSTB LOW from CLK HIGH Delay Time 


Nh 
oO 
oO 
— 
ol 
oO 


> 
oO 
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A.C. CHARACTERISTICS—PERIPHERAL (SLAVE) MODE (Ta = 0°C to 70°C, Vcc = 5.0V +5%, 
GND = OV) 


ADR Valid or CS LOW to READ LOW 


ADR Valid to WRITE HIGH Setup Time 
CS LOW to WRITE HIGH Setup Time 


ce ae 


’ 
oO 
< 


oO 
oO 


TAW 
TCW 


TOW 


” 


ADR from WRITE HIGH Hold Time 


TRW 
TWA 
TWD 


| TWD | Data from WRITE HIGH Hold Time 
Write Width 


WAVEFORMS 


30 


SLAVE MODE WRITE 


— oa 


————___———- TWwWS Seinen | 


__ <—— TWA 
IAN 


. INPUT VALID - 


ed 
[—_——$ $$ 1 09 


DBO-DB7 \ INPUT VALID ’ 


SLAVE MODE READ 
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WAVEFORMS (Continued) 


DMA TRANSFER 


MY ae 
fy) pS bac ae 


. = 
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WAVEFORMS (Continued) 


MEMORY-TO-MEMORY TRANSFER 


so $11 $12 $13 $14 $21 $22 $23 $24 $1 


ADSTB - 
TFAAB ¥ - 
A0-A7 ey ADDRESS VALID | _ ADDRESS VALID Ss 
TAFDB - 
TFADB 
a | 
wae 7 


DBO-DB7 


TAFC 


m 

70 = 
4 
> 
a 


TEPS —> 
TEPW 
EXT EOP 
READY 
$2 $3 sw sw S4 
CLK 
TDCL TOCTR ——=-———« 
READ 
TDCL — — TDCL TDOCTW ——> — 
WRITE 
EXTENDED Pa -—_—— 
WRITE TRH -+— —| |<— TRH 
READY 
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COMPRESSED TRANSFER 


RESET 
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8257/8257-5 
PROGRAMMABLE DMA CONTROLLER 


= MCS-85® Compatible 8257-5 a Terminal Count and Modulo 128 


Outputs 
4-Channel DMA Controller 
7 = Single TTL Clock 
a Priority DMA Request Logic = Single +5V Supply 
a Channel Inhibit Logic =» Auto Load Mode 


The Intel® 8257 is a 4-channel direct memory access (DMA) controller. It is specifically designed to simplify the 
transfer of data at high speeds for the Intel® microcomputer systems. Its primary function is to generate, upon a 
peripheral request, a sequential memory address which will allow the peripheral to read or write data directly to or 
from memory. Acquisition of the system bus in accomplished via the CPU’s hold function. The 8257 has priority logic 
that resolves the peripherals requests and issues a composite hold request to the CPU. It maintains the DMA cycle 
count for each channel and outputs a control signal to notify the peripheral that the programmed number of DMA 
cycles is complete. Other output control signals simplify sectored data transfers. The 8257 represents a significant 
Savings in component count for DMA-based microcomputer systems and greatly simplifies the transfer of data at 
high speed between peripherals and memories. 


ORQO 


DACK 6 
1 
ORQ 1 2 
3 
4 
OACK 1 5 
6 
7 
ORQ 2 8 
9 
OACK 2 
=— DRO 3 
DACK 3 
PRIORITY 
RESOLVER 
INTERNAL 
BUS 
Figure 1. Block Diagram Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 


General 


The 8257 is a programmable, Direct Memory Access 
(DMA) device which, when coupled with a single Intel® 
8212 |/O port device, provides a complete four-channel 
DMA controller for use in Intel® microcomputer systems. 
After being initialized by software, the 8257 can transfer a 
block of data, containing up to 16,384 bytes, between 
memory and a peripheral device directly, without further 
intervention required of the CPU. Upon receiving a DMA 
transfer request from an enabled peripheral, the 8257: 


1. Acquires control of the system bus. 


2. Acknowledges that requesting peripheral which is 
connected to the highest priority channel. 


3. Outputs the least significant eight bits of the memory 
address onto system address lines Ao-A7, outputs 
the most significant eight bits of the memory address 
to the 8212 I/O port via the data bus (the 8212 
places these address bits on lines Ag-Aj5), and 


4. Generates the appropriate memory and |/O read/ 
write control signals that cause the peripheral to 
receive or deposit a data byte directly from or to the 
addressed location in memory. 


The 8257 will retain control of the system bus and repeat 
the transfer sequence, as long as a peripheral maintains its 
DMA request. Thus, the 8257 can transfer a block of data 
to/from a high speed peripheral (e.g., asector of dataona 
floppy disk) in a single “burst”. When the specified 
number of data bytes have been transferred, the 8257 
activates its Terminal Count (TC) output, informing the 
CPU that the operation is complete. 


The 8257 offers three different modes of operation: 
(1) OMA read, which causes data to be transferred from 
memory to a peripheral; (2) DMA write, which causes 
data to be transferred from a peripheral to memory; 
and (3) DMA verify, which does not actually involve the 
transfer of data. When an 8257 channel is inthe DMA verify 
mode, it will respond the same as described for transfer 
operations, except that no memory or I/O read/write 
control signals will be generated, thus preventing the 
transfer of data. The 8257, however, will gain control of the 
system bus and will acknowledge the peripheral’s DMA 
request for each DMA cycle. The peripheral can use these 
acknowledge signals to enable an internal access of each 
byte of a data block in order to execute some verification 
procedure, such as tne accumulation of a CRC (Cyclic 
Redundancy Code) checkword. For example, a block of 
DMA verify cycles might follow a block of DMAread cycles 
(memory to peripheral) to allow the peripheral to verify its 
newly acquired data. 
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Block Diagram Description 
1. DMA Channeis 


The 8257 provides four separate DMA channels (labeled 
CH-0 to CH-3). Each channel includes two sixteen-bit 
registers: (1) a DMA address register, and (2) a termi- 
nal count register. Both registers must be initialized 
before a channel is enabled. The DMA address register is 
loaded with the address of the first memory location to be 
accessed. The value loaded into the low-order 14-bits of 
the terminal count register specifies the number of DMA 
cycles minus one before the Terminal Count (TC) output 
is activated. For instance, a terminal count of 0 would 
cause the TC output to be active in the first DMA cycle for 
that channel. In general, if N =the number of desired DMA 
cycles, load the value N-1 into the low-order 14-bits of the 
terminal count register. The most significant two bits of the 
terminal count register specify the type of DMA operation 
for that channel. 


ORQO 


DATA 


BUS 
BUFFER 


CONTROL DACK 3 


MODE 
SET 
REG 


PRIORITY 
RESOLVER 


INTERNAL 
BUS 


Figure 3. 8257 Block Diagram Showing DMA 
Channels 
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These two bits are not modified during a DMA cycle, but 
can be changed between DMA blocks. 


Each channel accepts a DMA Request (DRQn) input and 
provides a DMA Acknowledge (DACKn) output. 


(DRQ 0-DRQ 3) 


DMA Request: These are individual asynchronous chan- 
nel request inputs used by the peripherals to obtainaDMA 
cycle. If not in the rotating priority mode then DRQ 0 has 
the highest priority and DRQ 3 has the lowest. A request 
can be generated by raising the request line and holding it 
high until OMA acknowledge. For multiple DMA cycles 
(Burst Mode) the request line is held high until the DMA 
acknowledge of the last cycle arrives. 


(DACK 0 - DACK 3) 


DMA Acknowledge: An active low level on the acknowl- 
edge output informs the peripheral connected to that 
channel that it has been selected for a DMA cycle. The 
DACK output acts as a “chip select” for the peripheral 
device requesting service. This line goes active (low) 
and inactive (high) once for each byte transferred even if 
a burst of data is being transferred. 


2. Data Bus Buffer 


This three-state, bi-directional, eight bit buffer interfaces 
the 8257 to the system data bus. 


(Do-D7) 

Data Bus Lines: These are bi-directional three-state lines. 
When the 8257 is being programmed by the CPU, eight- 
bits of data for a DMA address register, a terminal count 
register or the Mode Set register are received on the data 
bus. When the CPU reads a DMA address register, a 
terminal count register or the Status register, the data is 
sent to the CPU over the data bus. During DMA cycles 
(when the 8257 is the bus master), the 8257 will output the 
most significant eight-bits of the memory address (from 
one of the DMA address registers) to the 8212 latch via the 
data bus. These address bits will be transferred at the 
beginning of the DMA cycle; the bus will then be released 
to handle the memory data transfer during the balance of 
the DMA cycle. 
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BIT 14 TYPE OF DMA OPERATION 


Verify DMA Cycle 
Write OMA Cycle 
Read DMA Cycle 
(INlegal) 


PRIORITY 
RESOLVER 


INTERNAL 
BUS 


Figure 4. 8257 Block Diagram Showing Data Bus 
Buffer 
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3. Read/Write Logic 


When the CPU is programming or reading one of the 
8257's registers (i.e., when the 8257 is a “slave” device on 
the system bus), the Read/Write Logic accepts the I/O 
Read (I/OR) or I/O Write (/OW) signal, decodes the least 
significant four address bits, (Ao-A3), and either writes 
the contents of the data bus into the addressed register 
(if VOW is true) or places the contents of the addressed 
rejister onto the data bus (if I/OR is true). 


During DMA cycles (i.e., when the 8257 is the bus 
“master’), the Read/Write Logic generates the I/O read 
and memory write (DMA write cycle) or |/O Write and 
memory read (DMA read cycle) signals which control the 
data link with the peripheral that has been granted the 
DMA cycle. 


Note that during DMA transfers Non-DMA 1/O devices 
should be de-selected (disabled) using “AEN” signal to 
inhibit |1/O device decoding of the memory address as an 
erroneous device address. 


(WOR) 


1/O Read: An active-low, bi-directional three-state line. In 
the “slave” mode, it is an input which allows the 8-bit 
status register or the upper/lower byte of a 16-bit DMA 
address register or terminal count register to be read. In 
the “master” mode, |/OR is a control output which is used 
to access data from a peripheral during the DMA write 
cycle. 


(OW) 


1/O Write: An active-low, bi-directional three-state line. In 
the “slave” mode, it is an input which allows the contents 
of the data bus to be loaded into the 8-bit mode set register 
or the upper/lower byte of a 16-bit DMA address register 
or terminal count register. In the “master” mode, |/OWis a 
control output which allows data to be output to a 
peripheral during a DMA read cycle. 


(CLK) 


Clock Input: Generally from an Intel® 8224 Clock Gen- 
erator device. (¢2 TTL) or Intel® 8085A CLK output. 


(RESET) 


Reset: An asynchronous input (generally from an 8224 
or 8085 device) which disables all DMA channels by 
clearing the mode register and 3-states all control lines. 
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(Ap-Ag3) 

Address Lines: These least significant four address lines 
are bi-directional. In the “slave” mode they are inputs 
which select one of the registers to be read or 
programmed. In the “master” mode, they are outputs 
which constitute the least significant four bits of the 16-bit 
memory address generated by the 8257. 


(CS) 

Chip Select: An active-low input which enables the |/O 
Read or |/O Write input when the 8257 is being read or 
programmed in the “slave” mode. In the “master” mode, 


CS is automatically disabled to prevent the chip from 
selecting itself while performing the DMA function. 


4. Control Logic 


This block controls the sequence of operations during all 
DMA cycles by generating the appropriate control signals 
and the 16-bit address that specifies the memory location 
to be accessed. 


PRIORITY 


RESOLVER 


INTERNAL 
BUS 


Figure 5. 8257 Block Diagram Showing 
Read/Write Logic Function 
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(Ag-A7) 


Address Lines: These four address lines are three-state 
outputs which constitute bits 4 through 7 of the 16-bit 
memory address generated by the 8257 during all DMA 
cycles. 


(READY) 


Ready: This asynchronous input is used to elongate the 
memory read and write cycles in the 8257 with wait 
states if the selected memory requires longer cycles. 
READY must conform to specified setup and hold 
times. 


(HRQ) 


Hold Request: This output requests control of the 
system bus. In systems with only one 8257, HRQ will 
normally be applied to the HOLD input on the CPU. HRQ 
must conform to specified setup and hold times. 


(HLDA) 


Hold Acknowledge: This input from the CPU indicates 
that the 8257 has acquired control of the system bus. 


(MEMR) 


Memory Read: This active-low three-state output is used 
to read data from the addressed memory location during 
DMA Read cycles. 


(MEMW) 


Memory Write: This active-low three-state output is used 
to write data into the addressed memory location during 
DMA Write cycles. 


(ADSTB) 


Address Strobe: This output strobes the most significant 
byte of the memory address into the 8212 device from the 
data bus. 


(AEN) 


Address Enable: This output is used to disable (float) the 
System Data Bus and the System Control Bus. It may also 
be used to disable (float) the System Address Bus by use 
of an enable on the Address Bus drivers in systems to 
inhibit non-DMA devices from responding during DMA 
cycles. It may be further used to 1solate the 8257 data bus 
from the System Data Bus to facilitate the transfer of the 8 
most significant DMA address bits over the 8257 data |/O 
pins without subjecting the System Data Bus to any 
timing constraints for the transfer. When the 8257 is used 
in an 1/O device structure ‘(as opposed to memory 
mapped), this AEN output should be used to disable the 
selection of an |/O device when the DMA address is on the 
address bus. The !/O device selection should be 
determined by the DMA acknowledge outputs for the 4 
channels. 


(TC) 

Terminal Count: This output notifies the currently 
selected peripheral that the present DMA cycle should be 
the last cycle for this data block. If the TC STOP bit in the 
Mode Set register is set, the selected channel will be 
automatically disabled at the end of that DMA cycle. TCis 
activated when the 14-bit value in the selected channel's 
terminal count register equals zero. Recall that the low- 
order 14-bits of the terminal count register should be 
loaded with the values (n-1), where n =the desired number 
of the DMA cycles. 


(MARK) 


Modulo 128 Mark: This output notifies the selected 
peripheral that the current DMA cycle is the 128th cycle 
since the previous MARK output. MARK always occurs at 
128 (and all multiples of 128) cycles from the end of the 
data block. Only if the total number of DMA cycles (n) is 
evenly divisable by 128 (and the terminal count register 
was loaded with n-1), will MARK occur at 128 (and each 
succeeding multiple of 128) cycles from the beginning of 
the data block. 


DATA 


BUS 
BUFFER 


PRIORITY 
RESOLVER 


ia 


Figure 6. 8257 Block Diagram Showing Control 
Logic and Mode Set Register 


6-110 AFN-01840B 


5. Mode Set Register 


When set, the various bits in the Mode Set register enable 
each of the four DMA channels, and allow four different 
options for the 8257: 


Enables AUTOLOAD 
Enables TC STOP 
Enables EXTENDED WRITE 
Enables ROTATING PRIORITY 


Enables DMA Channel 0 
Enables DMA Channel 1 
Enables DMA Channel 2 
Enables DMA Channel 3 


The Mode Set register is normally programmed by the 
CPU after the DMA address register(s) and terminal 
count register(s) are initialized. The Mode Set Register is 
cleared by the RESET input, thus disabling all options, 
inhibiting all channels, and preventing bus conflicts on 
power-up. A channel should not be left enabled unless its 
DMA address and terminal count registers contain valid 
values; otherwise, an inadvertent DMA request (ORQn) 
from a peripheral could initiate a DMA cycle that would 
destroy memory data. 


The various options which can be enabled by bits in the 
Mode Set register are explained below: 


Rotating Priority Bit 4 


In the Rotating Priority Mode, the priority of the channels 
has a circular sequence. After each DMA cycle, the 
priority of each channel changes. The channel which had 
just been serviced will have the lowest priority. 


If the ROTATING PRIORITY bit is not set (set to a zero), 
each DMA channel has a fixed priority. In the fixed priority 
mode, Channel 0 has the highest priority and Channel 3 
has the lowest priority. If the ROTATING PRIORITY bit is 
set to a one, the priority of each channel changes after 
each DMA cycle (not each DMA request). Each channel 
moves up to the next highest priority assignment, while 
the channel which has just been serviced moves to the 
lowest priority assignment: 


CHANNEL—> 
JUST SERVICED 


Highest 


Priority —> 
Assignments 


Lowest 
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Note that rotating priority will prevent any one channel 
from monopolizing the DMA mode; consecutive DMA 
cycles will service different channels if more than one 
channel is enabled and requesting service. There is no 
overhead penalty associated with this mode of opera- 
tion. All DMA operations began with Channel 0 initially 
assigned to the highest priority for the first DMA cycle. 


Extended Write Bit 5 


If the EXTENDED WRITE bit is set, the duration of both the 
MEMW and |/OW signals is extended by activating them 
earlier in the DMA cycle. Data transfers within micro- 
computer systems proceed asynchronously to allow 
use of various types of memory and |/O devices with 
different access times. If a device cannot be accessed 
within a specific amount of time it returns a “not ready” 
indication to the 8257 that causes the 8257 to insert one or 
more wait states in its internal sequencing. Some devices 
are fast enough to be accessed without the use of wait 
states, but if they generate their READY response with the 
leading edge of the I/OW or MEMW signal (which 
generally occurs late in the transfer sequence), they 
would normally cause the 8257 to enter a wait state 
because it does not receive READY in time. For systems 
with these types of devices, the Extended Write option 
provides alternative timing for the |/O and memory write 
signals which allows the devices to return an early READY 
and prevents the unnecessary occurrence of wait states in 
the 8257, thus increasing system throughput. 


TC Stop Bit 6 


If the TC STOP bit is set, a channel is disabled (i.e., its 
enable bit is reset) after the Terminal Count (TC) output 
goes true, thus automatically preventing further DMA 
operation on that channel. The enable bit for that channel 
must be re-programmed to continue or begin another 
DMA operation. If the TC STOP bit is not set, the 
occurrence of the TC output has no effect on the channel 
enable bits. In this case, it is generally the responsibility of 
the peripheral to cease DMA requests in order to terminate 
a DMA operation. 


Auto Load Bit 7 


The Auto Load mode permits Channel 2 to be used for 
repeat block or block chaining operations, without 
immediate software intervention between blocks. Chan- 
nel 2 registers are initialized as usual for the first data 
block; Channel 3 registers, however, are used to store the 
block re-initialization parameters (DMA starting address. 
terminal count and OMA transfer mode). After the first 
block of DMA cycles is executed by Channel 2 (i.e., after 
the TC output goes true), the parameters stored in the 
Channel 3 registers are transferred to Channel 2 during an 
“update” cycle. Note that the TC STOP feature, described 
above, has no effect on Channel 2 when the Auto Load bit 
is set. 
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If the Auto Load bit is set, the initial parameters for 
Channel 2 are automatically duplicated in the Channel 3 
registers when Channel 2 is programmed. This permits 
repeat block operations to be set up with the programming 
of a single channel. Repeat block operations can be used 
in applications such as CRT refreshing. Channels 2 and 3 
can still be loaded with separate values if Channel 2 is 
loaded before loading Channel 3. Note that in the Auto 
Load mode, Channel 3 is still available to the user if the 
Channel 3 enable bit is set, but use of this channel will 
change the values to be auto loaded into Channel 2 at 
update time. All that is necessary to use the Auto Load 
feature for chaining operations is to reload Channel 3 
registers at the conclusion of each update cycle with the 
new parameters for the next data block transfer. 


Each time that the 8257 enters an update cycle, the update 
flag in the status register is set and parameters in Channel 
3 are transferred to Channel 2, non-destructively for 
Channel 3. The actual re-initialization of Channel 2 occurs 
at the beginning of the next channel 2 DMA cycle after the 
TC cycle. This will be the first DMA cycle of the new data 
block for Channel 2. The update flag is cleared at the 
conclusion of this DMA cycle. For chaining operations, 
the update flag in the status register can be monitored by 
the CPU to determine when the re-initialization process 
has been completed so that the next block parameters can 
be safely loaded into Channel 3. 


6. Status Register 

The eight-bit status register indicates which channels 
have reached a terminal count condition and includes the 
update flag described previously. 


PARAMETERS | __ 
FOR BLOCK 2 


PARAMETERS 
| FOR BLOCK 1 r ~ 


1/O WRITE 


UPDATE FLAG 


CHANNEL 2 UPDATE 


OCCURS HERE 
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7 #6 5 4 3 2 1 0 


TC STATUS FOR CHANNEL 0 
TC STATUS FOR CHANNEL 1 
TC STATUS FOR CHANNEL 2 
TC STATUS FOR CHANNEL 3 


UPDATE FLAG 


The TC status bits are set when the Terminal Count (TC) 
output is activated for that channel. These bits remain set 
until the status register is read or the 8257 is reset. The 
UPDATE FLAG, however, is not affected by a status 
register read operation. The UPDATE FLAG can be 
cleared by resetting the 8257, by changing to the non-auto 
load mode (i.e., by resetting the AUTO LOAD bit in the 
Mode Set register) or it can be left to clear itself at the 
completion of the update cycle. The purpose of the 
UPDATE FLAG is to prevent the CPU from inadvertently 
skipping a data biock by overwriting a starting address or 
terminal count in the Channel 3 registers before those 
parameters are properly auto-loaded into Channel 2. 


The user is cautioned against reading the TC status 
register and using this information to reenable chan- 
nels that have not completed operation. Unless the 
DMA channels are inhibited a channel could reach ter- 
minal count (TC) between the status read and the mode 
write. DMA can be inhibited by a hardware gate on the 
HRQ line or by disabling channels with a mode word 
before reading the TC status. 


FOR BLOCK 3 
HANNEL 2 UPDATE 


OCCURS HERE ay, 


ode ronson a 
c 


Figure 7. Autoload Timing 
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OPERATIONAL SUMMARY 


Programming and Reading the 8257 Registers 


There are four pairs of “channel registers”: each pair 
consisting of a 16-bit DMA address register and a 16-bit 
terminal count register (one pair for each channel). The 
8257 also includes two “general registers’: one 8-bit 
Mode Set register and one 8-bit Status register. The 
registers are loaded or read when the CPU executes a 
write or read instruction that addresses the 8257 device 
and the appropriate register within the 8257. The 8228 
generates the appropriate read or write control signal 
(generally |/OR or |/OW while the CPU places a 16-bit 
address on the system address bus, and either outputs the 
data to be written onto the system data bus or accepts the 
data being read from the data bus. All or some of the most 
significant 12 address bits A4-Ais (depending on the 
systems memory, !/O configuration) are usually decoded 
to produce the chip select (CS) input to the 8257. An |/O 
Write input (or Memory Write in memory mapped 1/O 
configurations, described below) specifies that the 
addressed register is to be programmed, while an I/O 
Read input (or Memory Read) specifies that the addressed 
register is to be read. Address bit 3 specifies whether a 
“channel register” (A; = 0) or the Mode Set (program 
only)/Status (read only) register (A; = 1) is to be accessed. 


The least significant three address bits, Ao-A2, indicate the 
specific register to be accessed. When accessing the 
Mode Set or Status register, Ao-A2 are all zero. When 
accessing a channel register bit Ao differentiates between 
the DMA address register (Ao = 0) and the terminal count 
register (Ao = 1), while bits A; and A> specify one of the 


8257 Register Selection 


ADDRESS INPUTS 


REGISTER 


i=) 


CH-0 DMA Address 


CH-O0 Terminal Count 


CH-1 DMA Address 


CH-1 Terminal Count 


CH-2 DMA Address 


CH-2 Terminal Count 


CH-3 DMA Address 


CH-3 Terminal Count 


MODE SET (Program only) 
STATUS (Read only) 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 


o-  2 o> <> 2 o> 2 > 2 > ee =) 


o 
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CONTROL INPUT es | OW | I/OR re 


Program Half of a 
Channel Register 


Read Half of a 
Channel Register 


Program Mode Set 
Register 


read staue Register | 0 | 1 | 0 | 1 | 


four channels. Because the “channel registers” are 16- 
bits, two program instruction cycles are required to load 
or read an entire register. The 8257 contains a first/last 
(F/L) flip flop which toggles at the completion of each 
channel program or read operation. The F/L flip flop 
determines whether the upper or lower byte of the register 
is to be accessed. The F/L flip flop is reset by the RESET 
input and whenever the Mode Set register is loaded. To 
maintain proper synchronization when accessing the 
“channel registers” all channel command instruction 
operations should occur in pairs, with the lower byte of a 
register always being accessed first. Do not allow CS to 
clock while either I/OR or I/OW is active, as this will cause 
an erroneous F/L flip flop state. In systems utilizing an 
interrupt structure, interrupts should be disabled prior to 
any paired programming operations to prevent an 
interrupt from splitting them. The result of such a split 
would leave the F/L F/F in the wrong state. This problem is 
particularly obvious when other DMA channels are 
programmed by an interrupt structure. 


*BI-DIRECTIONAL DATA BUS 


Same as Channel 0 


Same as Channel 0 


Same as Channel 0 


ots CFO +=] COO ++ 00 ++ 289A 


AL |TCS| EW RP | EN3 | EN2|EN1 | ENO 
UP | TC3 | TC2 | TC1 | TCO 


oo +0 +0 #2 OO $0 +0 #0 +0 =$0O 


o 


*Ao-A15: DMA Starting Address, Co-C33: Terminal Count value (N-1), Rd and Wr: DMA Verify (00), Write (01) or Read (10) cycle selection, 
AL: Auto Load, TCS: TC STOP, EW: EXTENDED WRITE, RP: ROTATING PRIORITY, EN3-ENO: CHANNEL ENABLE MASK, UP: UPDATE 


FLAG, TC3-TCO: TERMINAL COUNT STATUS BITS. 
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SI 
SAMPLE DRQn LINES 
SET HRQ IF DRQn = 1 


so 
SAMPLE HLDA 
RESOLVE DRQn PRIORITIES 


$1 
PRESENT AND LATCH 
UPPER ADDRESS 
PRESENT LOWER ADDRESS 


$2 
ACTIVATE READ COMMAND 
ADVANCED WRITE COMMAND 
AND DACKn 


S3 READY Sw 
ACTIVATE WRITE COMMAND VERIFY | SAMPLE 
ACTIVATE MARK AND TC READY 


1F APPROPRIATE LINE 


READY + VERIFY 


SM 
RESET ENABLE FOR CHANNEL N IF 
TC STOP AND TC ARE ACTIVE. 
DEACTIVATE COMMANDS. 
DEACTIVATE DACKn, MARK AND TO. 
SAMPLE DRQn AND HLDA. 
RESOLVE DRQn PRIORITIES. 
RESET HRQ IF HLDA = 0 OR DRO = 0. 


1 DRQn REFERS TO ANY DRQ LINE ON AN ENABLED DMA CHANNEL. 


Figure 8. DMA Operation State Diagram 


DMA OPERATION 
Single Byte Transfers 


A single byte transfer is initiated by the I/O device rais- 
ing the DRQ line of one channel of the 8257. If the chan- 
nel is enabled, the 8257 will output a HRQ to the CPU. 
The 8257 now waits until a HLDA is received insuring 
that the system bus is free for its use. Once HLDA is 
received the DACK line for the requesting channel is ac- 
tivated (LOW). The DACK line acts as a chip select for 
the requesting I/O device. The 8257 then generates the 
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read and write commands and byte transfer occurs be- 
tween the selected I/O device and memory. After the 
transfer is complete, the DACK line is set HIGH and the 
HRQ line is set LOW to indicate to the CPU that the bus 
is now free for use. DRQ must remain HIGH untii DACK 
is issued to be recognized and must go LOW before S4 
of the transfer sequence to prevent another transfer 
from occuring. (See timing diagram.) 


Consecutive Transfers 


If more than one channel requests service simultaneous- 
ly, the transfer will occur in the same way a burst does. 
No overhead is incurred by switching from one channel 
to another. In each S4 the DRQ lines are sampled and 
the highest priority request is recognized during the 
next transfer. A burst mode transfer in a lower priority 
channel will be overridden by a higher priority request. 
Once the high priority transfer has completed control 
will return to the lower priority channel if its DRQ is still 
active. No extra cycles are needed to execute this se- 
quence and the HRQ line remains active until all DRQ 
lines go LOW. 


Control Override 


The continuous DMA transfer mode described above 
can be interrupted by an external device by lowering the 
HLDA line. After each DMA transfer the 8257 samples 
the HLDA line to insure that it is still active. If it is not 
active, the 8257 completes the current transfer, releases 
the HRQ line (LOW) and returns to the idle state. If DRQ 
lines are still active the 8257 will raise the HRQ line in 
the third cycle and proceed normally. (See timing 
diagram.) 


Not Ready 


The 8257 has a Ready input similar to the 8080A and the 
8085A. The Ready line is sampled in State 3. If Ready is 
LOW the 8257 enters a wait state. Ready is sampled dur- 
ing every wait state. When Ready returns HIGH the 8257 
proceeds to State 4 to complete the transfer. Ready is 
used to interface memory or I/O devices that cannot 
meet the bus set up times required by the 8257. 


Speed 


The 8257 uses four clock cycles to transfer a byte of 
data. No cycles are lost in the master to master transfer 
maximizing bus efficiency. A 2MHz clock input will 
allow the 8257 to transfer at a rate of 500K bytes/second. 


Memory Mapped I/O Configurations 


The 8257 can be connected to the system bus as a memory 
device instead of as an |/O device for memory mapped |/O 
configurations by connecting the system memory control 
lines to the 8257's I/O control lines and the system |/O 
control lines to the 8257's memory control lines. 


This configuration permits use of the 8080's considerably 
larger repertoire of memory instructions when reading or 
loading the 8257's registers. Note that with this 
connection, the programming of the Read (bit 15) and 
Write (bit 14) bits in the terminal count register will have a 
different meaning: 
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BIT 15 BIT 14 

READ WRITE 
DMA Verify Cycle 
DMA Read Cycle 


DMA Write Cycle 
illegal 


Figure 9. System Interface for Memory Figure 10. TC Register for Memory Mapped 
Mapped I/O 1/0 Only 


SYSTEM APPLICATION EXAMPLES 


ADDRESS BUS 


CONTROL BUS 
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DACK 0 
DRQ 1 
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DRQ 2 
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DMA CONTROLLER 


Figure 11. Floppy Disk Controller (4 Drives) 
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Figure 12. High-Speed Communication Controller 


6-115 AFN-01840B 


INPUT/OUTPUT 


2.0 


> TEST POINTS < 


0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC “1° AND 0.45V FOR 
A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC “1” 
AND 0.8V FOR A LOGIC “0.” 


Tracking Parameters 
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A.C. TESTING LOAD CIRCUIT 


DEVICE 
UNDER 
TEST 


C, = 150 pF 


I 


C, INCLUDES JIG CAPACITANCE 


Signals labeled as Tracking Parameters (footnotes 1 and 5-7 under A.C. Specifications) are signals that follow similar 
paths through the silicon die. The propagation speed of these signals varies in the manufacturing process but the 
relationship between all these parameters is constant. The variation is less than or equal to 50 ns. 


Suppose the following timing equation is being evaluated, 


T AMIN) + T BMAX) <= 150 ns 
and only minimum specifications exist for Ta and Tg. If Tawiny is used, and if Ta and Tg are tracking parameters, 


Tpimax) Can be taken as Taminy + 50 ns. 


Taiminy + (Taminy” + 50ns) < 150 ns 


*if Ta and Tg are tracking parameters 
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WAVEFORMS—DMA 


CONSECUTIVE CYCLES AND BURST MODE SEQUENCE 
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one clock input. 
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WAVEFORMS (Continued) 


CONTROL OVERRIDE SEQUENCE 
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Figure 13. Detailed System Interface Schematic 


6-119 AFN-01840B 


intel 


ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under ‘‘Absolute 


Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Ambient Temperature Under Bias ......... 0°C to 70°C tion of the device at these or any other conditions above 
Storage Temperature ............... —65°C to + 150°C those indicated in the operational sections of this specifi- 
Voltage on Any Pin cation is not implied. Exposure to absolute maximum 

With Respect to Ground .............. —0.5V to +7V rating conditions for extended periods may affect device 
Power DISSIDGUON <ascccsvancenreassctzctsstas 1 Watt reliability. 


D.C. CHARACTERISTICS (8257: Ta = 0°C to 70°C, Vec = 5.0V +5%, GND = OV) 
(8257-5: Ta = 0°C to 70°C, Vcc = 5.0V +10%, GND = OV) 


re 
vin | Inout High Voltage ——~| S20 Wecr S| Vor 
Output Low Voltage [~~ 9.45 | vor loc = 1.6 mA 


Vou Output High Voltage lon =-150uA for AB, 


DB and AEN 

lon =-80uA for others 
ee 
Pe | toput teokage P10 | wa | W=Vin=Voo 
CO 


CAPACITANCE (Ta = 25°C; Vcc = GND = OV) 


= 1/O Capacitance Unmeasured pins 
returned to GND 
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A.C. CHARACTERISTICS—PERIPHERAL (SLAVE) MODE 
(8257: Ta = 0°C to 70°C, Voc = 5.0V +5%, GND = OV) 
(8257-5: Ta = 0°C to 70°C, Voc = 5.0V +10%, GND = OV) 


8080 Bus Parameters 
READ CYCLE 


_ Tac et nates 
Adr or CS Setup to RDI 


in 
Prof fo, [aw] 


OTHER TIMING 


Symbol Parameter | Min. 


| Max. 
Tas | Reetuiewen Sid wo | 
= 


| Max. 
Tasro | Power Suppl eel Seupw Rei | soo | | oo | | 
Signal Rise Time se 20 Li 4 
[| | n 
Reset to First |/OWR 


A.C. CHARACTERISTICS—DMA (MASTER) MODE 
(8257: Ta = 0°C to 70°C, Voc = 5.0V +5%, GND = OV) 
(8257-5: Ta = 0°C to 70°C, Voc = 5.0V +10%, GND = OV) 


TIMING REQUIREMENTS 


Cycle Time (Period) : 
Clock Active (High) 8T cy 
[Tes | DRO! Setuptocuxisi.s4 SY oT 
PTon | DRGIHola tomHeoar® 
[Tie | HUDAT or Setup to cuKi@iso | woo | 
| oo | 

Rl ars 


READY Setup Time to CLK1(S3, Sw) 
READY Hold Time from CLK1(S3, Sw) ) 200 | 
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A.C. CHARACTERISTICS—DMA (MASTER) MODE 
(8257: Ta = 0°C to 70°C, Vcc = 5.0V +5%, GND = OV) 
(8257-5: Ta = 0°C to 70°C, Voc = 5.0V +10%, GND = OV) 


TIMING RESPONSES 


HRQ! or !Delay from CLK! (SI,S4) 
(measured at 2.0V) 2! 


Tpa1 HRQt or !Delay from CLK! (SI,S4) 
(measured at 3.3V)!41 


8257-5 


8257 


160 


Toa 


Tasm — 90 


300 


TEADB Adr (DB) (Active) Delay from CLK? ($1)! 
TaFoB Adr (DB) (Float) Delay from CLK! (S2)"! Tsr7+20 
Tass Adr (DB) Setup to AdrStb! (S1-S2)!"! 

TaHs Adr (DB) (Valid) Hold from Adr Stb! (S2)(1! 


Tstrt+ 20 17 


100 


3 rs 3 an = 
oO oO oum=) (2) Oo 


00 
100 


Tstt Adr Stb! Delay from CLKt (S1)2! 
Tstr Adr Stb! Delay from CLKt (S2)!2! 140 
Tsw AdrStb Width (S1-S2)") Toy - 100 Toy 100 


~“ 
oO 


Tasc Rd! or Wr(Ext)! Delay from AdrStb! (S2)!"! 70 


RD! or Wr(Ext)! Delay from Adr(DB) 
(Float) (S2)"! 


DACK! or !Delay from CLK! (S2,S1) and 
TC/Markt Delay from CLKt (S3) and 


TC/Mark! Delay from CLK? (S4)!25! 


Toot RD! or Wr(Ext)! Delay from CLK! (S2) and 200 
Wr! Delay from CLKt (S3)!56) 
Delay from CLK! (S1,Sl) and 200 


r! Delay from CLK! (S4)!%7 

or Wr (Active) from CLK? ($1)! 
d or Wr (Float) from CLK! (SI)! 
Width (S2-S1 or SI){ 

r Width (S3-S4)!1 


al 
Qa 


Trac 
15 


Oo 


2T cy + To — 50 
Tcy — 50 


2Tcy + Te— 50 
Toy — 50 


TRwm 


4 + 4 4 4 
> oO > oO 
3 g x) 8 
= 
=|2 


=| 


Www 
Twwme_ | Wr(Ext) Width (S2-S4)") 2Tcy — 50 2T cy — 50 
NOTES: 
1. Tracking Parameter. 5. ATax < 50 ns. 
2. Load = 1 TTL. 6. ATpci_ < 50 ns. 
3. Load = 1 TTL + 50 pF. 7. ATpct < 50 ns. 


4. Load = 1 TTL + (Ri = 3.3K), Von = 3.3V. 
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8259A/8259A-2/8259A-8 
PROGRAMMABLE INTERRUPT CONTROLLER 


w iAPX 86, iAPX 88 Compatible a Programmable Interrupt Modes 

w MCS-80°, MCS-85® Compatible a Individual Request Mask Capability 
a Eight-Level Priority Controller a Single +5V Supply (No Clocks) 

= Expandable to 64 Levels a 28-Pin Dual-In-Line Package 


The Intel® 8259A Programmable Interrupt Controller handles up to eight vectored priority interrupts for the CPU. It is 
cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28-pin DIP, uses 
NMOS technology and requires a single +5V supply. Circuitry is static, requiring no clock input. 


The 8259A is designed to minimize the software and real time overhead in handling multi-level priority interrupts. It has 
several modes, permitting optimization for a variety of system requirements. 


The 8259A is fully upward compatible with the Intel® 8259. Software originally written for the 8259 will operate the 
8259A in all 8259 equivalent modes (MCS-80/85, Non-Buffered, Edge Triggered). 


INTA INT 


CONTROL LOGIC 


BUFFER 


‘INTERRUPT MASK REG 
CASCADE (IMR) 
BUFFER/ 


COMPARATOR 


INTERNAL BUS 


Figure 1. Block Diagram Figure 2. Pin Configuration 
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Table 1. Pin Description 


Name and Function 
Supply: +5V Supply 


Chip Select: A low on this pin enables RD and WR communication between the CPU and the 8259A. 
INTA functions are independent of CS. 


Write: Alow on this pin when CS is low enables the 8259A to accept command words from the CPU. 


Read: Alow on this pin when CS is low enables the 82594 to release status onto the data bus for the 
CPU. 


/O | Bidirectional Data Bus: Control, status and interrupt-vector information is transferred via this bus. 


CASo-CASp2 | 12,13,15| I/O | Cascade Lines: The CAS lines form a private 8259A bus to control a multiple 8259A structure. These 
16 


14 
1 


al 


gi § 
oO 
sf 
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= 
oO 


+ 
< 
co 

@® 


pins are outputs for a master 8259A and inputs for a slave 8259A. 


P/E Slave Program/Enable Buffer: This is a dual function pin. When in the Buffered Mode it can be used 
as an output to control buffer transceivers (EN). When not in the buffered mode it is used as an input 


to designate a master (SP = 1) or slave (SP = 0). 


INT Interrupt: This pin goes high whenever a valid interrupt request is asserted. It is used to interrupt the 


CPU, thus it is connected to the CPU's interrupt pin. 


Interrupt Requests: Asynchronous inputs. An interrupt request is executed by raising an IR input 
(low to high), and holding it high until it is acknowledged (Edge Triggered Mode), or just by a high 
level on an IR input (Level Triggered Mode). 


INTA Interrupt Acknowledge: This pin is used to enable 8259A interrupt-vector data onto the data bus by 
a sequence of interrupt acknowledge pulses issued by the CPU. 
27 AO Address Line: This pin acts in conjunction with the CS, WR, and RD pins. It is used by the 8259A 


to decipher various Command Words the CPU writes and status the CPU wishes to read. It is typically 
connected to the CPU AO address line (A1 for iAPX 86, 88). 
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FUNCTIONAL DESCRIPTION 


Interrupts in Microcomputer Systems 


Microcomputer system design requires that I/O devices 
such as keyboards, displays, sensors and other com- 
ponents receive servicing in an efficient manner so that 
large amounts of the total system tasks can be assumed 
by the microcomputer with little or no effect on through- 
put. 


The most common method of servicing such devices is 
the Polled approach. This is where the processor mus. 
test each device in sequence and in effect “ask” each 
one if it needs servicing. It is easy to see that a large por- 
tion of the main program is looping through this con- 
tinuous polling cycle and that such a method would 
have a serious, detrimental effect on system through- 
put, thus limiting the tasks that could be assumed by 
the microcomputer and reducing the cost effectiveness 
of using such devices. 


A more desirable method would be one that would allow 
the microprocessor to be executing its main program 
and only stop to service peripheral devices when it is 
told to do so by the device itself. In effect, the method 
would provide an external asynchronous input that 
would inform the processor that it should complete 
whatever instruction that is currently being executed 
and fetch a new routine that will service the requesting 
device. Once this servicing is complete, however, the 
processor would resume exactly where it left off. 


This method is called /nterrupt. It is easy to see that 
system throughput would drastically increase, and thus 
more tasks could be assumed by the microcomputer to 
further enhance its cost effectiveness. 


The Programmable Interrupt Controller (PIC) functions 
as an overall manager in an Interrupt-Driven system 
environment. It accepts requests from the peripheral 
equipment, determines which of the incoming requests 
is of the highest importance (priority), ascertains 
whether the incoming request has a higher priority value 
than the level currently being serviced, and issues an 
interrupt to the CPU based on this determination. 


Each peripheral device or structure usually has a special 
program or “routine” that is associated with its specific 
functional or operational requirements; this is referred 
to as a “service routine’. The PIC, after issuing an Inter- 
rupt to the CPU, must somehow input information into 
the CPU that can ‘‘point” the Program Counter to the 
service routine associated with the requesting device. 
This “pointer” is an address in a vectoring table and will 
often be referred to, in this document, as vectoring data. 


The 8259A 


The 8259A is a device specifically designed for use in 
real time, interrupt driven microcomputer systems. It 
manages eight levels or requests and has built-in fea- 
tures for expandability to other 8259A’s (up to 64 levels). 
It is prograrnmed by the system’s software as an I/O 
peripheral. A selection of priority modes is available to 
the programmer so that the manner in which the re- 
quests are processed by the 8259A can be configured to 
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match his system requirements. The priority modes can 
be changed or reconfigured dynamically at any time dur- 
ing the main program. This means that the complete 
interrupt structure can be defined as required, based on 
the total system environment. 


CPU-DRIVEN 
MULTIPLEXOR 


mat 
== 


1/0 (2) 


Figure 3b. Interrupt Method 
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INTERRUPT REQUEST REGISTER (IRR) AND 
IN-SERVICE REGISTER (ISR) 


The interrupts at the IR input lines are handled by two 
registers in cascade, the Interrupt Request Register 
(IRR) and the In-Service Register (ISR). The IRR is used 
to store all the interrupt levels which are requesting ser- 
vice; and the ISR is used to store all the interrupt levels 
which are being serviced. 


PRIORITY RESOLVER 


This logic block determines the priorities of the bits set 
in the IRR. The highest priority is selected and strobed 
into the corresponding bit of the ISR during INTA pulse. 


INTERRUPT MASK REGISTER (IMR) 


The IMR stores the bits which mask the interrupt lines 
to be masked. The IMR operates on the IRR. Masking of 
a higher priority input will not affect the interrupt 
request lines of lower priority. 


INT (INTERRUPT) 


This output goes directly to the CPU interrupt input. The 
Von level on this line is designed to be fully compatible 
with the 8080A, 8085A and 8086 input levels. 


INTA (INTERRUPT ACKNOWLEDGE) 


INTA pulses will cause the 8259A to release vectoring 
information onto the data bus. The format of this data 
depends on the system mode (uPM) of the 8259A. 


DATA BUS BUFFER 


This 3-state, bidirectional 8-bit buffer is used to inter- 
face the 8259A to the system Data Bus. Control! words 
and status information are transferred through the Data 
Bus Buffer. 


READ/WRITE CONTROL LOGIC 


The function of this block is to accept OUTput com- 
mands from the CPU. It contains the Initialization Com- 
mand Word (ICW) registers and Operation Command 
Word (OCW) registers which store the various control 
formats for device operation. This function block also 
allows the status of the 8259A to be transferred onto the 
Data Bus. 


CS (CHIP SELECT) 


A LOW on this input enables the 8259A. No reading or 
writing of the chip will occur unless the device is 
selected. 


WR (WRITE) 


A LOW on this input enables the CPU to write control 
words (ICWs and OCWs) to the 8259A. 


RD (READ) 


A LOW on this input enables the 8259A to send the 
status of the Interrupt Request Register (IRR), In Service 
Register (ISR), the Interrupt Mask Register (IMR), or the 
interrupt level onto the Data Bus. 
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DATA 


BUS 
BUFFER 


CASCADE 
BUFFER’ 
COMPARATOR 


INTERNAL BUS 


Figure 4a. 8259A Block Diagram 


| 
© 
CONTROL LOGIC 


oy INTERRUPT MASK REG 
CASCADE y (IMR) 
BUFFER ~ 


COMPARATOR 


INTERNAL BUS 


Figure 4b. 8259A Block Diagram 


Ao 


This input signal is used in conjunction with WR and RD 
signals to write commands into the various command 
registers, as well as reading the various status registers 
of the chip. This line can be tied directly to one of the ad- 
dress lines. 
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THE CASCADE BUFFER/COMPARATOR 


This function block stores and compares the IDs of all 
8259A’s used in the system. The associated three I/O 
pins (CASO-2) are outputs when the 8259A is used as a 
master and are inputs when the 8259A is used as a 
slave. As a master, the 8259A sends the ID of the inter- 
rupting slave device onto the CASO-2 lines. The slave 
thus selected will send its preprogrammed subroutine 
address onto the Data Bus during the next one or two 
consecutive INTA pulses. (See section “Cascading the 
8259A’’.) 


INTERRUPT SEQUENCE 


The powerful features of the 8259A in a microcomputer 
system are its programmability and the interrupt routine 
addressing capability. The latter allows direct or indirect 
jumping to the specific interrupt routine requested 
without any polling of the interrupting devices. The nor- 
mal sequence of events during an interrupt depends on 
the type of CPU being used. 


The events occur as follows in an MCS-80/85 system: 


1.One or more of the INTERRUPT REQUEST lines 
(1R7-0) are raised high, setting the corresponding IRR 
bit(s). 

2. The 8259A evaluates these requests, and sends an 
INT to the CPU, if appropriate. 

3. The CPU acknowledges the INT and responds with an 
INTA pulse. 

4. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit is set, and the corresponding 
IRR bit is reset. The 8259A will also release a CALL in- 
struction code (11001101) onto the 8-bit Data Bus 
through its D7-0 pins. 

5. This CALL instruction will initiate two more INTA 
pulses to be sent to the 8259A from the CPU group. 


. These two INTA pulses allow the 82594 to release its 
preprogrammed subroutine address onto the Data 
Bus. The lower 8-bit address is released at the first 
INTA pulse and and the higher 8-bit address is re- 
leased at the second INTA pulse. 

. This completes the 3-byte CALL instruction released 
by the 8259A. In the AEOI mode the ISR bit is reset at 
the end of the third INTA pulse. Otherwise, the ISR bit 
remains set until an appropriate EOI command is 
issued at the end of the interrupt sequence. 


[oy] 


N 


The events occurring in an iAPX 86 system are the same 
until step 4. 


4. Upon receiving an INTA from the CPU group, the high- 
est priority ISR bit is set and the corresponding IRR 
bit is reset. The 8259A does not drive the Data Bus 
during this cycle. 


5. The iAPX 86/10 will initiate a second INTA pulse. 
During this pulse, the 8259A releases an 8-bit pointer 
onto the Data Bus where it is read by the CPU. 


6. This completes the interrupt cycle. In the AEOI mode 
the ISR bit is reset at the end of the second INTA 
pulse. Otherwise, the ISR bit remains set until an 
appropriate EOI command is issued at the end of the 
interrupt subroutine. 
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If no interrupt request is present at step 4 of either 
sequence (i.e., the request was too short in duration) the 
8259A will issue an interrupt level 7. Both the vectoring 
bytes and the CAS lines will look like an interrupt level 7 
was requested. 


(> 
DATA . CONTROL LOGIC 
BUS 
BUFFER 


INTERRUPT MASK REG 
(IMR) 


INTERNAL BUS 


why 


Figure 4c. 8259A Block Diagram 


ADDRESS BUS (16) 


CONTROL BUS 


fr nr 


DATA BUS (8) 


D)D, RD WR INT INTA 


CASCADE 8259A 


IRQ IRQ IRQ IRQ IRQ IRQ IRQ IRA 
6 65 4 3 2 1 0 


SLAVE PROGRESS/ 


ENABLE BUFFER INTERRUPT 


REQUESTS 


Figure 5. 8259A Interface to Standard 
System Bus 
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INTERRUPT SEQUENCE OUTPUTS 

MCS-80®, MCS-85® 

This sequence is timed by three INTA pulses. During the 
first INTA pulse the CALL opcode is enabled onto the 
data bus. 


Content of First Interrupt 
Vector Byte 


CALL CODE 1 1 0 0 1 7 0 1 


During the second INTA pulse the lower address of the 
appropriate service routine is enabled onto the data bus. 
When Interval = 4 bits A5-A7 are programmed, while Ap- 
A4 are automatically inserted by the 8259A. When Inter- 
val = 8 only Ag and A? are programmed, while Ap-As are 
automatically inserted. 


Content of Second Interrupt 
Vector Byte 


o;mH- |}0/;23 (,' 0/;/—/0)] — 
clolololojicololo 
ea\/c|/ololololo|/o/98 


During the third INTA pulse the higher address of the 
appropriate service routine, which was programmed as 
byte 2 of the initialization sequence (Ag—A\js), is 
enabled onto the bus. 


Content of Third Interrupt 
Vector Byte 


D7 D6 DS D4 D3 D2 D1 DO 
pats | are [ara [a2 | att | ato | ao | aa | 
iAPX 86, iAPX 88 


iAPX 86 mode is similar to MCS-80 mode except that only 
two Interrupt Acknowledge cycles are issued by the pro- 
cessor and no CALL opcode is sent to the processor. The 
first interrupt acknowledge cycle is similar to that of 
MCS-80, 85 systems in that the 8259A uses it to internally 
freeze the state of the interrupts for priority resolution and 
as a master it issues the interrupt code on the cascade 
lines at the end of the INTA pulse. On this first cycle it does 


6-128 


not issue any data to the processor and leaves its data bus 
buffers disabled. On the second interrupt acknowledge 
cycle in iAPX 86 mode the master (or slave if so pro- 
grammed) will send a byte of data to the processor with 
the acknowledged interrupt code composed as follows 
(note the state of the ADI mode control is ignored and 
As—A11 are unused in iAPX 86 mode): 


Content of Interrupt Vector Byte 
for iAPX 86 System Mode 


|_| 7 | 6 | bs | ba | 0s | 2 | 01 | bo | 
ier | | te | te | 4 | ta | os | ot | ot | 
| ine | ty {te | ts | t4 | 3 | 1 | 1 | oo | 
| ins | t7 {te | ts | t4 | ra | 1 | o [a | 
| ina | 7 | te | 6 | t4 | t3 | 1 | o | 0 | 
| ins | tr | te | ts | t4 | ra | o | 1 | | 
| ne | t7 | te | ts | t4 | t3 | o | 1 | oO | 
| mt | ty | te | ts | t4 | t3 | o | o | | 
| ro | t7 | te | ts | t4 | 13 | o | o | Oo | 


PROGRAMMING THE 8259A 
The 8259A accepts two types of command words gener- 
ated by the CPU: 


1. Initialization Command Words (IC Ws): Before normal 
operation can begin, each 8259A in the system must 
be brought to a starting point — by a sequence of 2 to 
4 bytes timed by WR pulses. 


2. Operation Command Words (OCWs): These are the 
command words which command the 8259A to oper- 
ate in various interrupt modes. These modes are: 
a. Fully nested mode 
b. Rotating priority mode 
c. Special mask mode 
d. Polled mode 


The OCWs can be written into the 8259A anytime after 
initialization. 

INITIALIZATION COMMAND WORDS 
(ICWS) 

GENERAL 


Whenever a command is issued with AO=0 and D4=1, 
this is interpreted as Initialization Command Word 1 
(ICW1). ICW1 starts the initialization sequence during 
which the following automatically occur. 

a. The edge sense circuit is reset, which means that fol- 
lowing initialization, an interrupt request (IR) input 
must make a low-to-high transition to generate an 
interrupt. 


. The Interrupt Mask Register is cleared. 

. IR7 input is assigned priority 7. 

. The slave mode address is set to 7. 

. Special Mask Mode is cleared and Status Read is set to 
IRR. 
lf |C4=0, then all functions selected in ICW4 are set to 
zero. (Non-Buffered mode*, no Auto-EOI, MCS-80, 85 
system). 


o0oaodae 


— 


*Note: Master/Slave in ICW4 is only used in the buffered mode. 
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INITIALIZATION COMMAND WORDS 1 AND 2 
(ICW1, ICW2) 


As-Ai5: Page starting address of service routines. |n an 
MCS 80/85 system, the 8 request levels will generate 
CALLs to 8 locations equally spaced in memory. These 
can be programmed to be spaced at intervals of 4 or 8 
memory locations, thus the 8 routines will occupy a 
page of 32 or 64 bytes, respectively. 


The address format is 2 bytes long (Ag-Ajs). When the 
routine interval is 4, Ag-A, are automatically inserted by 
the 8259A, while As5-A;5 are programmed externally. 
When the routine interval is 8, Ajp-As are automatically 
inserted by the 8259A, while Ag-A,5 are programmed 
externally. 


The 8-byte interval will maintain compatibility with cur- 
rent software, while the 4-byte interval is best for a com- 
pact jump table. 

In an iAPX 86 system A15-Aj are inserted in the five most 
significant bits of the vectoring byte and the 8259A sets 
the three least significant bits according to the interrupt 
level. Ayg—As are ignored and ADI (Address interval) has 
no effect. 

LTIM: If LTIM=1, then the 8259A will operate in the 
level interrupt mode. Edge detect logic on the 
interrupt inputs will be disabled. 


ADI: CALL address interval. ADI =1 then interval = 4; 
ADI =0 then interval = 8. 


SNGL: Single. Means that this is the only 8259A in the 
system. If SNGL=1 no ICW3 will be issued. 


IC4: If this bit is set — ICW4 has to be read. If ICW4 
is not needed, set IC4=0. 


NO (SINGL = 1) 


NO (IC4 = 0) 


INITIALIZATION COMMAND WORD 3 (ICW3) 


This word is read only when there is more than one 
8259A in the system and cascading is used, in which 
case SNGL=0. It will load the 8-bit slave register. The 
functions of this register are: 


a. In the master mode (either when SP = 1, or in buffered 
mode when M/S=1 in ICW4) a ‘1” is set for each 
slave in the system. The master then will release byte 
1 of the call sequence (for MCS-80/85 system) and 
will enable the corresponding slave to release bytes 2 
and 3 (for iAPX 86 only byte 2) through the cascade 
lines. 

b. In the slave mode (either when SP=0, or if BUF = 1 
and M/S=0 in ICW4) bits 2-0 identify the slave. The 
slave compares its cascade input with these bits and, 
if they are equal, bytes 2 and 3 of the call sequence (or 
just byte 2 for iAPX 86 are released by it on the Data 
Bus. 

INITIALIZATION COMMAND WORD 4 (iCW4) 


SFNM: if SFNM=1 the special fully nested mode is 

programmed. 

lf BUF =1 the buffered mode is programmed. In 

buffered mode SP/EN becomes an enable outp 

and the master/slave determination is by M/S. 

M/S: If buffered mode is selected: M/S=1 means the 
8259A is programmed to be a master, M/S=0 
means the 8259A is programmed to be a slave. If 
BUF =0, M/S has no function. 

AEOI: If AEOI=1 the automatic end of interrupt mode 
is programmed. 

uPM: Microprocessor mode: uPM = 0 sets the 8259A for 
MCS-80, 85 system operation, «PM = 1 sets the 
8259A for iAPX 86 system operation. 


BUF: 


YES (SNGL = 0) 


YES (IC4 = 1) 


READY TO ACCEPT 
INTERRUPT REQUESTS 


Figure 6. Initialization Sequence 
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iCwl 


Ss > & & |] & % 


1 I1CW4 NEEDED 


0 = NO ICW4 NEEDED 


0 = CASCADE MODE 


CALL ACORESS INTERVAL 
1= INTERVAL OF 4 
0= INTERVAL OF 8 


= LEVEL TRIGGERED MODE 
= EDGE TRIGGERED MODE 


A7-Ag of INTERRUPT 
VECTOR ADDRESS 
(MCS-80/85 MODE ONLY) 


iCw2 


Ay 0D, Og O OQ 0, OF 1, DB 
Ais Avs Ai3 ° Ai2 Ay, 
Tr’ /Tel “Tel “Tal 71 As 


A,5-Ag OF INTERRUPT 
VECTOR ADDRESS 
(MCS80/85 MODE) 
T,-T3 OF INTERRUPT 
VECTOR ADDRESS 
(8086 /8088 MODE) 


ICW3 (MASTER DEVICE) 


mM %F %F &Y &W BF BD BD D® 
Pe dstststats ts fs fs 


1= IR INPUT HAS A SLAVE 
0 = IR INPUT DOES NOT HAVE 
ASLAVE 


ICW3 (SLAVE DEVICE) 


%® F% %F B&B % OF BM My 2% 


ICW4 
Ao D7 06 Os D4 03 O02 07 fe) 
S 


0 


8086 / 8088 MODE 
MCS-80/85 MODE 


1 AUTO EO! 
0 = NORMAL EO! 


= x - NON BUFFERED MODE 
0 | - BUFFERED MODE/SLAVE 


| 1 [ 1 ]- BUFFERED MODE/MASTER 


SPECIAL FULLY NESTED 
MODE 

O = NOT SPECIAL FULLY 
NESTED MODE 


NOTE 1: SLAVE ID IS EQUAL TO THE CORRESPONDING 
MASTER IR INPUT. 


Figure 7. Initialization Command Word Formai 


6-130 AFN-00221C 


intel 
OPERATION COMMAND WORDS (OCWs) 


After the Initialization Command Words (iCWs) are pro- 
grammed into the 8259A, the chip is ready to accept 
interrupt requests at its input lines. However, during the 
8259A operation, a selection of algorithms can com- 
mand the 8259A to operate in various modes through 
the Operation Command Words (OCWs). 


OPERATION CONTROL WORDS (OCWs) 


ocw1 
AO D7 D6 DS D4& D3 D2 ODI oO 
[1] M7 M6 M5 M4 M3. M2. M1. MO 
ocw2 


[0 ] R SL co 0 0 tt UW LO 


OcW3 
[0 0 ESMM SMM 0 1 P RR ARIS 
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OPERATION CONTROL WORD 1 (OCW1) 


OCW1 sets and clears the mask bits in the interrupt 
Mask Register (IMR). M7— Mo represent the eight mask 
bits. M=1 indicates the channel is masked 
(inhibited), M=0 indicates the channel is enabled. 


OPERATION CONTROL WORD 2 (OCW2) 


R, SL, EOI — These three bits control the Rotate and 
End of Interrupt modes and combinations of the two. A 
chart of these combinations can be found on the Opera- 
tion Command Word Format. 


Lo, L}, Lp —These bits determine the interrupt level acted 
upon when the SL bit is active. 


OPERATION CONTROL WORD 3 (OCW3) 


ESMM — Enable Special Mask Mode. When this bit is 
set to 1 it enables the SMM bit to set or reset the Special 
Mask Mode. When ESMM=0 the SMM bit becomes a 
“don’t care’. 


SMM — Special Mask Mode. If ESMM= 1 and SMM= 1 
the 8259A will enter Special Mask Mode. If ESMM= 1 
and SMM = 0 the 8259A will revert to normal mask mode. 
When ESMM = 0, SMM has no effect. 
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INTERRUPT MASK 
1 = MASK SET 
0 = MASK RESET 


IR LEVEL TO BE 
ACTED UPON 


NON-SPECIFIC EOICOMMAND END OF INTERRUPT 
SPECIFIC EO! COMMAND 

ROTATE ON NON-SPECIFIC EOI COMMAND 

ROTATE IN AUTOMATIC EO! MODE (SET) AUTOMATIC ROTATION 
ROTATE IN AUTOMATIC EO! MODE (CLEAR) 

“ROTATE ON SPECIFIC EO! COMMAND 

*SET PRIORITY COMMAND 

NO OPERATION 


SPECIFIC ROTATION 


*LO-L2 ARE USED 


ocw3 


READ REGISTER COMMAND 


READ READ 

IR REG . | ISREG 
NO ACTION ON NEXT | ON NEXT 

RD PULSE | RD PULSE 


SPECIAL MASK MODE 


RESET SET 
NO ACTION SPECIAL | SPECIAL 
MASK MASK 


Figure 8. Operation Command Word Format 
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FULLY NESTED MODE 


This mode is entered after initialization unless another 
mode is programmed. The interrupt requests are 
ordered in priority form 0 through 7 (0 highest). When an 
interrupt is acknowledged the highest priority request is 
determined and its vector placed on the bus. Additional- 
ly, a bit of the Interrupt Service register (ISO-7) is set. 
This bit remains set until the microprocessor issues an 
End of Interrupt (EOI) command immediately before 
returning from the service routine, or if AEOI (Automatic 
End of Interrupt) bit is set, until the trailing edge of the 
last INTA. While the IS bit is set, all further interrupts of 
the same or lower priority are inhibited, while higher 
levels will generate an interrupt (which will be 
acknowledged only if the microprocessor internal Inter- 
rupt enable flip-flop has been re-enabled through soft- 
ware). 


After the initialization sequence, IRO has the highest 
priority and IR7 the lowest. Priorities can be changed, as 
will be explained, in the rotating priority mode. 


END OF INTERRUPT (EOI) 


The In Service (IS) bit can be reset either automatically 
following the trailing edge of the last in sequence INTA 
pulse (when AEOI bit in ICW1 is set) or by a command 
word that must be issued to the 8259A before returning 
from a service routine (EOI command). An EOI command 
must be issued twice if in the Cascade mode, once for the 
master and once for the corresponding slave. 


There are two forms of EOI command: Specific and Non- 
Specific. When the 8259A is operated in modes which 
preserve the fully nested structure, it can determine 
which IS bit to reset on EOI. When a Non-Specific EO/ 
command is issued the 8259A will automatically reset 
the highest IS bit of those that are set, since in the 
fully nested mode the highest IS level was necessarily the 
last level acknowledged and serviced. A non-specific EOI 
can be issued with OCW2 (EOI = 1, SL = 0, R = 0). 


When a mode is used which may disturb the fully nested 
structure, the 8259A may no longer be able to determine 
the last level acknowledged. In this case a Specific End of 
Interrupt must be issued which includes as part of the 
command the IS level to be reset. A specific EOI can be is- 
sued with OCW2 (EOI = 1, SL = 1,R = 0, and LO-L2 is the 
binary level of the IS bit to be reset). 


It should be noted that an IS bit that is masked by an 
IMR bit will not be cleared by a non-specific EO! if the 
8259A is in the Special Mask Mode. 


AUTOMATIC END OF INTERRUPT (AEO!) MODE 


lf AEOI = 1 in ICW4, then the 8259A will operate in AEO! 
mode continuously until reprogrammed by ICW4. In this 
mode the 8259A will automatically perform a non- 
specific EOI operation at the trailing edge of the last 
interrupt acknowledge pulse (third pulse in MCS-80/85, 
second in iAPX 86). Note that from a system standpoint, 
this mode should be used only when a nested multilevel 
interrupt structure is not required within a single 8259A. 


The AEOI mode can only be used in a master 8259A and 
not a slave. 
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AUTOMATIC ROTATION 
(Equal Priority Devices) 


In some applications there are a number of interrupting 
devices of equal priority. In this mode a device, after 
being serviced, receives the lowest priority, so a device 
requesting an interrupt will have to wait, in the worst 
case until each of 7 other devices are serviced at most 
once. For example, if the priority and “in service” status 
is: 


Before Rotate (IR4 the highest priority requiring service) 


1S7 IS6 ISS IS4 iS3 IS2 IS1 ISO 
pot rfotsfofojofo| 


Lowest Priority Highest Priority 


After Rotate (IR4 was serviced, all other priorities 
rotated correspondingly) 


IS7 186 ISS 1S4 1S3 IS2 IS1 ISO 


Highest Priority Lowest Priority 


2 | 1 fo | 76] 5 | 4] 3 | 


There are two ways to accomplish Automatic Rotation 
using OCW2, the Rotation on Non-Specific EOl Command 
(R = 1, SL = 0, EO! = 1) and the Rotate in Automatic EOI 
Mode which is set by (R = 1, SL = 0, EOI = 0) and cleared 
by (R = 0, SL = 0, EOI = 0). 


“IS” Status 


Priority Status 


“IS” Status 


Priority Status 


SPECIFIC ROTATION 

(Specific Priority) 

The programmer can change priorities by programming 
the bottom priority and thus fixing all other priorities; 
i.e., if IRS is programmed as the bottom priority device, 
then IR6 will have the highest one. 


The Set Priority command is issued in OCW2 where: 
R= 1,SL=1;LO-L2is the binary priority level code of the 
bottom priority device. 


Observe that in this mode internal status is updated by 
software control during OCW2. However, it is independent 
of the End of Interrupt (EOI) command (also executed by 
OCW2). Priority changes can be executed during an EOI 
command by using the Rotate on Specific EOI command 
in OCW2 (R = 1, SL = 1, EOI = 1 and LO-L2 = IR level to 
receive bottom priority). 


INTERRUPT MASKS 


Each Interrupt Request input can be masked individu- 
ally by the Interrupt Mask Register (IMR) programmed 
through OCW1. Each bit in the IMR masks one interrupt 
channel if it is set (1). Bit 0 masks IRO, Bit 1 masks IR1 
and so forth. Masking an IR channel does not affect the 
other channels operation. 
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SPECIAL MASK MODE 


Some applications may require an interrupt service 
routine to dynamically alter the system priority struc- 
ture during its execution under software control. For 
example, the routine may wish to inhibit lower priority 
requests for a portion of its execution but enable some 
of them for another portion. 


The difficulty here is that if an Interrupt Request is 
acknowledged and an End of Interrupt command did not 
reset its !S bit (i.e., while executing a service routine), 
the 8259A would have inhibited all lower priority 
requests with no easy way for the routine to enable 
them 


That is where the Special Mask Mode comes in. In the 
special Mask Mode, when a mask bit is set in OCW1, it 
inhibits further interrupts at that level and enables inter- 
rupts from all other levels (lower as well as higher) that 
are not masked. 


Thus, any interrupts may be selectively enabled by 
loading the mask register. 
The speciai Mask Mode is set by OCWS3 where: 


SSMM=1, SMM=1, and cleared where SSMM=1, 
SMM =O. 


LTIM BIT 
0 = EDGE 
1= LEVEL 


MCS-80, 85 


INTA 


FREEZE 


iAPX 86 
MODE 


READ IRR 


FREEZE 


NOTES 


a its = 
o Q 
i 
MODE j c 
FREEZE 


POLL COMMAND 


In this mode the INT output is not used or the micropro- 
cessor internal Interrupt Enable flip-flop is reset, disabling 
its interrupt input. Service to devices is achieved by 
software using a Poll command. 


The Poll command is issued by setting P= “1” in OCWS. 
The 8259A treats the next RD pulse to the 8259A (i.e., 
RD =0, CS=0) as an interrupt acknowledge, sets the 
appropriate IS bit if there is a request, and reads the 
priority level. Interrupt is frozen from WR to RD. 


The word enabled onto the data bus during RD is: 


W0-W2: Binary code of the highest priority level 
requesting service. 


i: Equal to a ‘‘1” if there is an interrupt. 


This mode is useful if there is a routine command com- 
mon to several levels so that the INTA sequence is not 
needed (saves ROM space). Another application is to 
use the poll mode to expand the number of priority 
levels to more than 64. 


TO OTHER PRIORTY CELLS 


PRIORITY 
RESOLVER 


CONTROL 
LOGIC 


IN-SERVICE 
LATCH 


| CLR Gg ISR BIT 
SET | 
SET ISR 


NON. 
MASKED 


INTERNAL 
DATA BUS 


WRITE MASK 
READ ISR 
READ IMR 


« 
= 
*) 
& 
tad 
3 


1. MASTER CLEAR ACTIVE ONLY OURING ICW! 
2. FREEZE/ 1S ACTIVE DURING INTA/ AND POLL SEQUENCES ONLY 
3. TAUTH TABLE FOR O-LATCH 


c Oo OPERATION 
1 di di FOLLOW 
0 x ! Qn-1 | HOLD 


Figure 9. Priority Cell—Simplified Logic Diagram 
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READING THE 8259A STATUS 


The input status of several internal registers can be read to 
update the user information on the system. The following 
registers can be read via OCW3 (IRR and ISR or OCW1 
[IMR)). 


Interrupt Request Register (IRR): 8-bit register which con- 
tains the levels requesting an interrupt to be acknowl- 
edged. The highest request level is reset from the IRR 
when an interrupt is acknowledged. (Not affected by IMR.) 


In-Service Register (ISR): 8-bit register which contains the 
priority levels that are being serviced. The ISR is updated 
when an End of Interrupt Command is issued. 


Interrupt Mask Register: 8-bit register which contains the 
interrupt request lines which are masked. 


The IRR can be read when, prior to the RD pulse, a Read 
Register Command is issued with OCW3 (RR = 1, RIS = 0.) 


The ISR can be read when, prior to the RD pulse, a Read 
Register Command is issued with OCW3 (RR = 1, RIS = 1). 


There is no need to write an OCW3 before every status 
read operation, as long as the status read corresponds 
with the previous one; i.e., the 8259A ‘‘remembers’”’ 
whether the IRR or ISR has been previously selected by 
the OCWS. This is not true when poll is used. 


After initialization the 8259A is set to IRR. 


For reading the IMR, no OCW3 is needed. The output data 
bus will contain the IMR whenever RD is active and AO =1 
(OCW1). 


Polling overrides status read when P = 1, RR = 1 in OCWS. 


EARLIEST IR 
CAN BE REMOVED 


8086/8088 


EDGE AND LEVEL TRIGGERED MODES 


This mode is programmed using bit 3 in ICW1. 


If LTIM = ‘0’, an interrupt request will be ragognized by a 
low to high transition on an IR input. The # input can re- 
main high without generating another interrupt. 


If LTIM = ‘1’, an interrupt request will be recognized by a 
‘high’ level on IR Input, and there is no need for an edge 
detection. The interrupt request must be removed before 
the EOI command is issued or the CPU interrupt is enabled 
to prevent a second interrupt from occurring. 


The priority cell diagram shows a conceptual circuit of the 
level sensitive and edge sensitive input circuitry of the 
8259A. Be sure to note that the request latch is a transpar- 
ent D type latch. 


In both the edge and level triggered modes the IR inputs 
must remain high until after the falling edge of the first 
INTA. If the IR input goes low before this time a DEFAULT 
IR7 will occur when the CPU acknowledges the interrupt. 
This can be a useful safeguard for detecting interrupts 
caused by spurious noise glitches on the IR inputs. To im- 
plement this feature the IR7 routine is used for ‘‘clean up”’ 
simply executing a return instruction, thus ignoring the 
interrupt. If IR7 is needed for other purposes a default IR7 
can still be detected by reading the ISR. A normal IR7 
interrupt will set the corresponding ISR bit, a default IR7 
won't. If a default IR7 routine occurs during a normal IR7 
routine, however, the ISR will remain set. In this case it is 
necessary to keep track of whether or not the IR7 routine 
was previously entered. If another IR7 occurs it is a 
default. 


8080/8085 


8086/8088 


*EDGE TRIGGERED MODE ONLY 


Figure 10. IR Triggering Timing Requirements 
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THE SPECIAL FULLY NESTED MODE 


This mode will be used in the case of a big system 
where cascading is used, and the priority has to be con- 
served within each slave. In this case the fully nested 
mode will be programmed to the master (using |CW4). 
This mode is similar to the normal nested mode with the 
following exceptions: 


a. When an interrupt request from a certain slave is in 
service this slave is not locked out from the master’s 
priority logic and further interrupt requests from 
higher priority IR’s within the slave will be recognized 
by the master and will initiate interrupts to the proc- 
essor. (In the normal nested mode a slave is masked 
out when its request is in service and no higher 
requests from the same slave can be serviced.) 


b. When exiting the Interrupt Service routine the soft- 
ware has to check whether the interrupt serviced was 
the only one from that slave. This is done by sending 
a non-specific End of Interrupt (EOI) command to the 
slave and then reading its In-Service register and 
checking for zero. If it is empty, a non-specific EOI 
can be sent to the master too. If not, no EO! should be 
sent. 


BUFFERED MODE 


When the 8259A is used in a large system where bus 
driving buffers are required on the data bus and the cas- 
cading mode is used, there exists the problem of enabi- 
ing buffers. 


The buffered mode will structure the 8259A to send an 
enable signal on SP/EN to enable the buffers. In this 


8259A/8259A-2/8259A-8 


PRELIMINARY 


mode, whenever the 8259A’s data bus outputs are ena- 
bled, the SP/EN output becomes active. 


This modification forces the use of software program- 
ming to determine whether the 8259A is a master or a 
slave. Bit 3 in |CW4 programs the buffered mode, and bit 
2 in ICW4 determines whether it is a master or a slave. 


CASCADE MODE 


The 8259A can be easily interconnected in asystem of one 
master with up to eight slaves to handle up to 64 priority 
levels. 


The master controls the slaves through the 3 line cascade 
bus. The cascade bus acts like chip selects to the slaves 
during the INTA sequence. 


In acascade configuration, the slave interrupt outputs are 
connected to the master interrupt request inputs. When a 
slave request line is activated and afterwards acknowl- 
edged, the master will enable the corresponding slave to 
release the device routine address during bytes 2 and 3 of 
INTA. (Byte 2 only for 8086/8088). 


The cascade bus lines are normally low and will contain 
the slave address code from the trailing edge of the first 
INTA pulse to the trailing edge of the third pulse. Each 
8259A in the system must follow a separate initialization 
sequence and can be programmed to work in a different 
mode. An EOI command must be issued twice: once for 
the master and once for the corresponding slave. An 
address decoder is required to activate the Chip Select 
(CS) input of each 8259A. 


The cascade lines of the Master 8259A are activated only 
for slave inputs, non slave inputs leave the cascade line 
inactive (low). 


ADORESS BUS (16) 


CONTROL BUS 


a 7 eee ee eee ee — 
DATA BUS (8) 


8259A 
MASTER 


SP/ENM7 M6 MS M4 M3 M2 M1 MO 


INTERRUPT REQUESTS 


Figure 11. Cascading the 8259A 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under ‘‘Absolute 
Ambient Temperature Under Bias ...... —40°C to 85°C Maximum Ratings” may cause permanent damage to the 
Storage Temperature .............. —65°C to + 150°C device. This is a stress rating only and functional opera- 
Voltage on Any Pin tion of the device at these or any other conditions above 

with Respect to Ground ............. —-0.5V to +7V those indicated in the operational sections of this specifi- 
Power DISSIDQUOMN 16. cswerecsescdepasesccees 1 Watt cation is not implied. 


D.C. CHARACTERISTICS [Ty = 0°C to 70°C, Voc = 5V +10% (8259-A), Voc = 5V +10% (8259A)] 


—Symbot_[ Parameter [Min [Max | Units [Test Conditions 
[Vin___[_laputlowVorage [08 [eV CT 
a al 

a 


OutputHigh Vonage | | OB 
Output High Vonage | 24 | id ion = — 400A 
ha: ion = —TO0:A 


Nec Supply Gurren ee i 
ILIR IR Input Load Current a ae IN 


CAPACITANCE (Tj, = 25°C; Vcc = GND = OV) 


[Symbor [Parameter «win. 


| Max. | Unit | Test Conditions 
po | te tM 
| 200] pC Unmeasured pins returned to Vss 


AC CHARACTERISTICS [Ta = 0°C to 70°C, Voc = 5V +5% (8259A-8), Voc = 5V +10% (8259A)] 


8259A-8 8259A 8259A-2 
Min. Max. Min. Max. Min. Max. 


TIMING REQUIREMENTS 


Symbol Parameter 


TAHRL AO/CS Setup to RD/INTA| 


Test Conditions 


190 


See Note 1 


Note: This is the low time required to clear the input latch in the edge triggered mode. 
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A.C. CHARACTERISTICS (Continued) 


TIMING RESPONSES 


Test Conditions 


C of Data Bus = 
100 pF 


C of Data Bus 
Max text C = 100 pF 
Min. test C = 15 pF 


Cit = 100 pF 


Ccascape = 100 pF 


TCVDV Cascade Valid to Valid Data 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 DEVICE 


UNDER 
TEST POINTS TEST 


0.8 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC “1” AND 0.45V FOR 
A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC “1° C, = 100 pF 


AND 0.8V F IC “0.” 
27 ne C, INCLUDES JIG CAPACITANCE 


WAVEFORMS 


cs 
ADDRESS BUS 
Ao 


DATA BUS 
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WAVEFORMS (Continued) 


READ/INTA 
ROVINTA TALRH 
EN 
TRHEH 
/ 
TRHAX 
cs 
a) 
-———- TALDV TRHDZ we = 
TAHDV 
DATA BUS = me me me ww a wa a a a me ee cee ce ae ae ee 


OTHER TIMING 
RD/INTA 


INTA SEQUENCE 


— [reviat -- <*— TCVIAL 


revon a, fans al 


=— TIALCV ——+ 


NOTES: Interrupt output must remain HIGH at least unti! leading edge of first INTA. 
1. Cycle 1 in iAPX 86, iAPX 88 systems, the Data Bus is not active. 
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8355/8355-2 
16,384-BIT ROM WITH I/O 


ws 2048 Words x 8 Bits a Each I/O Port Line Individually 


Programmable as Input or Output 
a Single +5V Power Supply 


a Multiplexed Address and Data Bus 
® Directly Compatible with 8085A 


and iAPX 88 Microprocessors # internal Address Latch 
= 2 General Purpose 8-Bit I/O Ports = 40-Pin DIP 


The Intel® 8355 is a ROM and |/O chip to be used in the 8085A and iAPX 88 microprocessor systems. The ROM portion is 
organized as 2048 words by 8 bits. It has a maximum access time of 400 ns to permit use with no wait states in the 8085A 
CPU. 


The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 lines and each |/O port line is individually pro- 
grammable as input or output. 


The 8355-2 has a 300 ns access time for compatibility with the 8085A-2 and full speed 5 MHz iAPX 88 microprocessors. 


8355/8355-2 
10 


PBy~7 


Vsg_ (OV) 


Figure 1. Block Diagram Figure 2. Pin Configuration 
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Table 1. Pin Description 


= Name and Function 


Address Latch Enable: When high, ADp—7, |O/M, Ag_10, CE, and CE enter address latched. The signals (AD, |O/M, 


Ag—io, CE, CE) are latched in at the trailing edge of ALE. 


Address/Data Bus (Bidirectional): The lower 8-bits of the ROM or I/O address are applied to the bus lines when 
ALE is high. During an I/O cycle, Port A or B is selected based on the latched value of ADo. If RD or IOR is low when 
the latched chip enables are active, the output buffers present data on the bus. 


Chip Enable: is active low and CE is active high. The 8355 can be accessed only when BOTH Chip Enables are 
active at the time the ALE signal latches them up. If either Chip Enable input is not active, the ADp_7 and READY 
outputs will be in a high impedance state. 


10/M 1/0 Memory: If the latched !O/M is high when RD is low, the output data comes from an1/O port. If it is low, the out- 
put data comes from the ROM. 


Read: Ifthe latched Chip Enables are active when RD goes low, the ADp_7 output buffers are enabled and output 
either the selected ROM location or I/O port. When both RD and IOR are high, the ADp_-7 output buffers are 3-state. 


1/O Write: If the latched Chip Enables are active, a low on IOW causes the output port pointed to by the latched 
value of ADo to be written with the data on ADg_7. The state of IO/M is ignored. 


READY: A 3-state output controlled by CE;, CEs, ALE and CLK. READY is forced low when the Chip Enables are 
active during the time ALE is high, and remains low until the rising edge of the next CLK. 


PortA: General purpose 1/O pins. Their input/output direction is determined by the contents of Data Direction Reg- 
ister (DDR). Port A is selected for write operations when the Chip Enables are active and IOW is low and a 0 was 
previously latched from ADo. 

Read operation is selected by either IOR low and active Chip Enables and ADg low, or |O/M high, RD low, active chip 
enables, and ADo low. 


Port B: This general purpose |/O port is identical to Port A except that it is selected by a 1 latched from ADo. 


RESET P ay Reset: An input high causes all pins in Port A and B to assume input mode. 


1/O Read: When the Chip Enables are active, a low on |OR will output the selected I/O port onto the AD bus. IOR low 
performs the same function as the combination |O/M high and RD low. When IOR is not used in a system, IOR 


should be tied to Vcc (‘1’). 


/Veo | Voltage: +5 volt supply. 
/Vss | | Ground: Ground Reference. 
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FUNCTIONAL DESCRIPTION 


ROM Section 


The 8355 contains an 8-bit address latch which allows it to 
interface directly to MCS-48, MCS-85, and iAPX 88 Micro- 
computers without additional hardware. 


The ROM section of the chip is addressed by an 11-bit 
address and the Chip Enables. The address and levels on 
the Chip Enable pins are latched into the address latches 
on the falling edge of ALE. If the latched Chip Enables 
are active and 1O/M is low when RD goes low, the contents 
of the ROM location addressed by the latched address 
are put out through ADo-7 output buffers. 


1/O Section 


The I/O section of the chip is addressed by the latched 
value of ADo-1. Two 8-bit Data Direction Registers (DDR) 
in 8355 determine the input/output status of each pin in 
the corresponding ports. A “0” in a particular bit position 
of a DDR signifies that the corresponding I/O port bit is 
in the input mode. A “1” in a particular bit position signi- 
fies that the corresponding !/O port bit is in the output 
mode. In this manner the I/O ports of the 8355 are bit-by- 
bit programmable as inputs or outputs. The table sum- 
marizes port and DDR designation. DDR’s cannot be 
read. 


Port A Data Direction Register (DDR A) 
Port B Data Direction Register (DDR B) 


When IOW goes low and the Chip Enables are active, the 
data on the ADo-7 is written into I/O port selected by the 
latched value of ADo-1. During this operation all |/O bits 
of the selected port are affected, regardless of their |/O 
mode and the state of |O/M. The actual output level does 
not change until IOW returns high (glitch free output). 


A port can be read out when the latched Chip Enables are 
active and either RD goes low with IO/M high, or IOR 
goes low. Both input and output mode bits of a selected 
port will appear on lines ADo-7. 


To clarify the function of the I/O ports and Data Direction 
Registers, the following diagram shows the configuration 
of one bit of PORT A and DDR A. The same logic applies 
to PORT B and DDR B. 


Note that hardware RESET or writing a zero to the DDR 
latch will cause the output latch’s output buffer to be 
disabled, preventing the data in the output iatch from 
being passed through to the pin. This is equivalent to 
putting the port in the input mode. Note also that the data 
can be written to the Output Latch even though the Out- 
put Buffer has been disabled. This enables a port to be 
initialized with a value prior to enabling the output. 


The diagram also shows that the contents of PORT A and 
PORT B can be read even when the ports are configured 
as Outputs. 
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ONE BIT OF PORT A AND DDR A: 


OUTPUT 
LATCH 
D Q 


OUTPUT: 
ENABLE 


” 
= 
a 
< 
- 
<x 
a) 
a 
<x 
r 4 
c 
Ww 
- 
< 


| 

RESET | 
WRITE DDR A . 
| 

| 


READ PA 


WRITE PA = (10W=0) ¢ (CHIP ENABLES ACTIVE) e (PORT A ADDRESS SELECTED) 
WRITE DDR A = (10W=0) e (CHIP ENABLES ACTIVE) e (DDR A ADDRESS SELECTED) 
READ PA = { [(10/M=1) e (RD=0)] + (IOR=0) } © (CHIP ENABLES ACTIVE) e (PORT A ADDRESS SELECTED) 


NOTE: WRITE PA IS NOT QUALIFIED BY 10/M. 


Figure 3. 8355 One Bit of Port Aand DDR A 


System Interface with 8085A and iAPX 88 


A system using the 8355 can use either one of the two 
1/O Interface techniques: 


e Standard |/O 

e Memory Mapped I/O 
If a standard I/O technique is used, the system can use 
the feature of both CE and CE. By using a combination 
of unused address lines A;;-1;5 and the Chip Enable 
inputs, the system can use up to 5 each 8355’s without 
requiring a CE decoder. See Figure 5a and 5b. 


lf amemory mapped |/O approach is used the 8355 will 
be selected by the combination of both the Chip En- 
ables and 1O/M using the ADg-15 address lines. See 
Figure 4. 


CLK (62) 


AD, , 8-10 AD CLK 10/M 
i0R ALE jOW READY CE 


8355 


Figure 4. 8355 in 8085A System 
(Memory-Mapped I/O) 
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iIAPX 88 FIVE CHIP SYSTEM: 


1.25 K Bytes RAM 
2 K Bytes ROM 
38 1/0 Pins 

1 Internal Timer 
2 Interrupt Levels 


7 IN 
1O/M TIMER 


RESET our 


| | i 


Vss Voc Vop 


MANUAL iin 
GND RESET 3 8} 


(Vss) 0) 


ind 


Figure 5a. iAPX 88 Five Chip System Configuration 


6-143 AFN-00234B 


vvl-9 


GvEZ00-NAV 


7 


ALE 


consi ee a 
Ld fa 
10/M 


NTT 
Rene Ss Ee ee 
ey | 


Vee 
A/Dy, Agig RD CLK 10/M AlDp, Agig RD CLK 10/M A/Dg, Agig RD CLK 10% AlDg, Agip RD CLK 10M A/Dg, Agig RD CLK 10/M 
iOR ALE (OW READY CE,]} }i0R ALE f0W READY CE,]} ] i0R ALE i0W READY CE,] | 10R ALE OW READY CE, | OR ALE i0W READY CE, 
8355 8355 8355 8355 8355 
(2K BYTES) (2K BYTES) (2K BYTES) (2K BYTES) (2K BYTES) 


NOTE: Use CE, for the first 8355 in the system, and CE> for the other 8355’s. Permits up to 5-8355’s in a system without CE decoder. 


Figure 5b. 8355 in 8085A System (Standard I/O) 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ................ 0°C to +70°C 
Storage Temperature ............... -65°C to +150°C 
Voltage on Any Pin 

With RespecttoGround ............... -0.5V to +7V 
POWGS DISSIDGLION ccivcvece edhe dan ousanneevaans 1.5W 


“NOTICE: Stresses above those listed under ‘Absolute 
Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (tT, = 0°C to 70°C; Voc = 5V + 5%) 


Vec = 5.0V 
Vec = 5.0V 
lo. = 2mA 
lon = -400uA 


Vic __| Wait tow vonage [08 | 08 
Vin | input Hah Vorowe | 20 | Woov0 
Por | Outmut tow Varase 


‘= 
> 
=) 
< 


Input Leakage ee < Vin S Vec 


A.C. CHARACTERISTICS (tT, =0°C to 70°C; Vcc = 5V + 5%) 


~~ 


tcyc Clock Cycle Time 


CLK Pulse Width 


eo) 


CLK Pulse Width 


CLK Rise and Fall Time 
| tan Address to Latch Set Up Time 


oo 


170 
400 


| tic | Latch to READ/WRITE Control 
| tro _| Valid Data Out Delay from READ Control 
| tan Address Stable to Data Out Valid 


Address Hold Time after Latch 


Oo 


Latch Enable Width 
Data Bus Float after READ 


—_ 


0 


— 


ala ~ w >~ 
ped ° =) 


320 

120 

100 

100 
READ/WRITE Control to Latch Enable 20 
READ/WRITE Control Width 250 
Data In to Write Set Up Time 150 
Data In Hold Time After WRITE 


T1 
T2 
tAL 
tLAa 
TLC 
taD 
tLL 
16L 
tcc 
tpw 
twp WRITE to Port Output 
tPR 
tre 
trv 


seal 
= 
o/|Y 


0 


oO 


Port Input Set Up Time 
Port Input Hold Time 


tRYH READY HOLD Time 
tARY ADDRESS (CE) to READY 


| tay | Recovery Time Between Controls 300 
| tRDE READ Control to Data Bus Enable 


pars 
oO 


BSS 
oO};oO oO oO 


6 
6 


=" 


= 
oO 


oll sual 
i) oO 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 


INPUT/OUTPUT 


2.0 


> TEST POINTS < 


0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC “1° AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC °1" 
AND 0.8V FOR A LOGIC “0.” 


WAVEFORMS 
ROM READ AND I/O READ AND WRITE 


a teyc 


: ADDRESS . 


DATA 


tap 


[ADDRESS \7 
( ADDRESS ) ( ( 
canaiaomaannaians SU 


taL 


8355 CLOCK SPECIFICATIONS 


A.C. TESTING LOAD CIRCUIT 
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DEVICE 
UNDER 
TEST 
C, = 150 pF 


C, = 150 pF 
C, INCLUDES JIG CAPACITANCE 
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INPUT MODE 


OUTPUT MODE 


WAIT STATE 


(CE5=1 . CE, =0) 


READY =—— 


NOTE: Ready = 0. 


8355/8355-2 


PORT 
OUTPUT 


DATA* 


*DATA BUS TIMING IS SHOWN IN FIGURE 4. 
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GLITCH FREE 


Pie OUTPUT 
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8755A/8755A-2 
16,384-BIT EPROM WITH I/O 


a 2048 Words x 8 Bits = 2 General Purpose 8-Bit I/O Ports 


a Single +5V Power Supply (Vcc) a Each I/O Port Line Individually 
Programmable as Input or Output 
# Directly Compatible with 8085A 


and 8088 Microprocessors a Multiplexed Address and Data Bus 
a U.V. Erasable and Electrically a 40-Pin DIP 
Reprogrammable 


2 Internal Address Latch 


The Intel® 8755A is an erasable and electrically reprogrammable ROM (EPROM) and 1/0 chip to be used in the 8085A 
and 8088 microprocessor systems. The EPROM portion is organized as 2048 words by 8 bits. It has a maximum 
access time of 450 ns to permit use with no wait states in an 8085A CPU. 


The I/O portion consists of 2 general purpose |/O ports. Each I/O port has 8 port lines, and each I/O port line is 
individually programmable as input or output. 


The 8755A-2 is a high speed selected version of the 8755A compatible with the 5 MHz 8085A-2 and the full speed 5 
MHz 8088. 


8755A/ 


8755A-2 


Figure 1. Block Diagram Figure 2. Pin Configuration 
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Table 1. Pin Description 


Name and Function 


Address Latch Enable: When Address 
Latch Enable goes high, ADo_7, |O/M, 
Ag—1o, CEs, and CE; enter the address 
latches. The signals (AD, 1O/M, Ag—1o, 
CE) are latched in at the trailing edge of 
ALE. 


Bidirectional Address/Data Bus: The 
lower 8-bits of the PROM or I/O address 
are applied to the bus lines when ALE is 
high. 


During an 1/O cycle, Port A or B are 
selected based on the latched value of 
ADg. IF RD or IOR is low when the latched 
Chip Enables are active, the output buf- 
fers present data on the bus. 


Address: These are the high order bits 
of the PROM address. They do not affect 
/O operations. 


Chip Enable Inputs: CE; is active low 
and CE¢ is active high. The 8755A can be 
accessed only when both Chip Enables 
are active at the time the ALE signal 
latches them up. If either Chip Enable 
input is not active, the ADp-7 and 
READY outputs will be in a high impe- 
dance state.CE,; is also used as a pro- 
gramming pin. (See section on 
programming.) 


1/0 Memory: If the latched IO/M is high 
when RD is low, the output data comes 
from an 1/O port. If it is low the output 
data comes from the PROM. 


Read: If the latched Chip Enables are 
active when RD goes low, the ADo—7 
output buffers are enabled and output 
either the selected PROM location or I/O 
port. When both RD and IOR are high, 
the ADo_7 output buffers are 3-stated. 


1/O Write: If the latched Chip Enables are 
active, a low on |OW causes the output 
port pointed to by the latched value of 
ADo to be written with the data on ADo_7. 
The state of IO/M is ignored. 


Clock: The CLK is used to force the 
READY into its high impedance state 
after it has been forced low by CE, low, 
CE» high, and ALE high. 


6-149 


| Symbol | Type| Ss NameandFunction —_—| and Function 


ee is a 3-state output controlled by 
CE», CE;, ALE and CLK. READY is forced 
low when the Chip Enables are actove 
during the time ALE is high, and remains 
low until the rising edge of the next CLK. 
(See Figure 6.) 


Port A: These are general purpose |/O 
pins. Their input/output direction is de- 
termined by the contents of Data Direc- 
tion Register (DDR). Port Ais selected for 
write operations when the Chip Enables 
are active and IOW is low and a 0 was 
previously latched from ADo, AD4. 


Read Operation is selected by either IOR 
low and active Chip Enables and ADo 
and AD, low, or |O/M high, RD low, active 
Chip Enables, and ADg and AD, low. 


Port B: This general purpose 1|/O port is 
identical to Port A except that it is 
selected by a1 latched from ADy and a0 
from AD}. 


Reset: In normal operation, an input 
high on RESET causes all pinsin PortsA 
and B to assume input mode (clear DDR 
register). 


1/0 Read: When the Chip Enables are 
active, a low on IOR will output the 
selected I/O port onto the AD bus. JOR 
low performs the same function as the 
combination of 1O/M high and RD low. 
When IOR is not used in a system, 10R 
should be tied to Vcc ("1"). 


Power: +5 volt supply. 
Ground: Reference. 


Power Supply: Vpp is a programming 
voltage, and must be tied to Vcc when | 
the 8755A is being read. 


For programming, a high voltage is 
supplied with Vpp = 25V, typical. (See 
section on programming.) 


AFN-01841B 


intel 


8755A/8755A-2 


FUNCTIONAL DESCRIPTION 


PROM Section 


The 8755A contains an 8-bit address latch which allows it 
to interface directly to MCS-48, MCS-85 and iAPX 88/10 
Microcomputers without additional hardware. 


The PROM section of the chip is addressed by the 11-bit 
address and CE. The address, CE and CE? are latched 
into the address latches on the falling edge of ALE. If the 
latched Chip Enables are active and I|O/M is low when RD 
goes low, the contents of the PROM location addressed 
by the latched address are put out on the ADo.7 lines 
(provided that Vpp is tied to Vcc.) 


1/O Section 


The I/O section of the chip is addressed by the latched 
value of ADo-1. Two 8-bit Data Direction Registers (DDR) 
in 8755A determine the input/output status of each pin 
in the corresponding ports. A “0” in a particular bit posi- 
tion of aDDR signifies that the corresponding I/O port bit 
is in the input mode. A“‘1” ina particular bit position signi- 
fies that the corresponding !/O port bit is in the output 
mode. In this manner the I/O ports of the 8755A are bit-by- 
bit programmable as inputs or outputs. The table 
summarizes port and DDR designation. DDR’s cannot be 
read. 


Port A Data Direction Register (DDR A) 
Port B Data Direction Register (DDR B) 


When IOW goes low and the Chip Enables are active, the 
data on the AD is written into |/O port selected by the 
latched value of ADo-1. During this operation all |/O bits 
of the selected port are affected, regardless of their I/O 
mode and the state of 1O/M. The actual output level does 
not change until |OW returns high. (glitch free output) 


A port can be read out when the latched Chip Enables are 
active and either RD goes low with |O/M high, or OR goes 
low. Both input and output mode bits of a selected port 
will appear on lines ADo-7. 


To clarify the function of the I/O Ports and Data Direction 
Registers, the following diagram shows the configuration 
of one bit of PORT A and DDR A. The same logic applies 
to PORT B and DDR B. 
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8755A 
ONE BIT OF PORT A AND DDR A: 


OUTPUT 
LATCH 
D Q 


OUTPUT 
ENABLE 


RESET 


INTERNAL DATA BUS 


WRITE DDRA 


READ PA 


WRITE PA = (IOW=0) © (CHIP ENABLES ACTIVE) e (PORT A ADDRESS SELECTED) 
WRITE ODOR A = (1OW=0) @ (CHIP ENABLES ACTIVE) @ (DDR A ADDRESS SELECTED) 
READ PA = { [(10/M=1) e (RD=0)) + (IOR=0) } © (CHIP ENABLES ACTIVE) (PORT A ADDRESS SELECTED) 


NOTE: WRITE PA IS NOT QUALIFIED BY 10/M. 


Note that hardware RESET or writing a zero to the DDR 
latch will cause the output latch’s output buffer to be 
disabled, preventing the data in the Output Latch from 
being passed through to the pin. This is equivalent to 
putting the port in the input mode. Note also that the data 
can be written to the Output Latch even though the Output 
Buffer has been disabled. This enables a port to be ini- 
tialized with a value prior to enabling the output. 


The diagram also shows that the contents of PORT A and 
PORT B can be read even when the ports are configured 
as Outputs. 


TABLE 1. 8755A PROGRAMMING MODULE CROSS 
REFERENCE 


MODULE NAME USE WITH 


UPP 955 UPP(4) 

UPP 855 
PROMPT 80/85(3) 
PROMPT 48(1) 


UPP UP2(2) 
PROMPT 975 
PROMPT 475 


NOTES: 
1. Described on p. 13-34 of 1978 Data Catalog. 
2. Special adaptor socket. 
3. Described on p. 13-39 of 1978 Data Catalog. 
4. Described on p. 13-71 of 1978 Data Catalog. 
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ERASURE CHARACTERISTICS 


The erasure characteristics of the 8755A are such that 
erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000-4000A 
range. Data show that constant exposure to room level 
fluorescent lighting could erase the typical 8755A in 
approximately 3 years while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. 
If the 8755A is to be exposed to these types of lighting 
conditions for extended periods of time, opaque labels 
are available from Intel which should be placed over the 
8755 window to prevent unintentional erasure. 


The recommended erasure procedure for the 8755A is 
exposure to shortwave ultraviolet light which has a wave- 
length of 2537 Angstroms (A). The integrated dose (i.e., 
UV intensity X exposure time) for erasure should be a 
minimum of 15W-sec/cm2. The erasure time with this 
dosage is approximately 15 to 20 minutes using an ultra- 
violet lamp with a 12000uW/cm2 power rating. The 
8755A should be placed within one inch from the lamp 
tubes during erasure. Some lamps have a filter on their 
tubes and this filter should be removed before erasure. 


PROGRAMMING 


Initially, and after each erasure, all bits of the EPROM 
portions of the 8755A are in the “1” state. Information is 
introduced by selectively programming “0” into the 
desired bit locations. A programmed “0” can only be 
changed to a “1” by UV erasure. 


The 8755A can be programmed on the Intel® Universal 
PROM Programmer (UPP), and the PROMPT™ 80/85 and 
PROMPT-48™ design aids. The appropriate programming 
modules and adapters for use in programming both 
8755A’s and 8755's are shown in Table 1. 


The program mode itself consists of programming a 
single address at a time, giving a single 50 msec pulse 
for every address. Generally, it is desirable to have a 
verify cycle after a program cycle for the same address 
as shown in the attached timing diagram. In the verify 


cycle (i.e., normal memory read cycle) ‘Vpp’ should 


be at +5V. 


Preliminary timing diagrams and parameter values per- 
taining to the 8755A programming operation are con- 


tained in Figure 7. 
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SYSTEM APPLICATIONS 
System Interface with 8085A and 8088 


A system using the 8755A can use either one of the two I/O 
Interface techniques: 


e Standard I/O 
e Memory Mapped I/O 


If a standard I/O technique is used, the system can use 
the feature of both CE3 and CE,. By using a combination 
of unused address lines A,,_,, and the Chip Enable 
inputs, the 8085A system can use up to 5 each 8755A’s 
without requiring a CE decoder. See Figure 2a and 2b. 


lf a memory mapped I/O approach is used the 8755A will be 
selected by the combination of both the Chip Enables and 
1O/M using the ADg-15 address lines. See Figure 1. 


CLK ($2) 


READY 
10/M 


Voc 


Asio RD CLK I0/M 
ALE iOW READY CE 


8755A 


Figure 3. 8755A in 8085A System 
(Memory-Mapped I/O) 
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iAPX 88 FIVE CHIP SYSTEM 


Figure 4 shows a five chip system containing: 


e 1.25K Bytes RAM 
e 2K Bytes ROM 

e 38 I/O Pins 

e 1 Interval Timer 
e 2 Interrupt Levels 


1O/M TIMER 


reset OUT 


Ei 


LTT Leno 


Vss Vec Voo 


» 
‘GND 
MANUAL 


GND RESET 
(Vss) 


m 
= 
ed 
im 
i 
- 
= 
= 


Figure 4. iAPX 88 Five Chip System Configuration 
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€S1-9 
(O/| paepueys) wa3shs yseos ul yssze “Ss eunbig 


Gly8Lo-NsaV 


RD CLK 
ALE i0W READY CE, ALE i0W READY CE,] | IOR ALE i0W READY CE, 


Asso 10/M 


ALE jOW READY CE, 


Agio 


8755A 
(2K BYTES) 


8755A 8755A 8755A 
(2K BYTES) (2K BYTES) (2K BYTES) 


8755A 
(2K BYTES) 


Note: Use CEy for the first 8755A in the system, and CE2 for the other 8755A’s. Permits up to 5-8755A’s in a system without CE decoder. 
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ABSOLUTE MAXIMUM RATINGS* 


*NOTICE: Stresses above those listed under ‘Absolute 
Maximum Ratings’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Temperature Under Bias ................ 0°Cto+70°C tion of the device at these or any other conditions above 
Storage Temperature ............... -65°C to +150°C those indicated in the operational sections of this specifi- 
Voltage on Any Pin cation is not implied. Exposure to absolute maximum 

With RespecttoGround ............... -0.5V to +7V rating conditions for extended periods may affect device 
FOWOCDISSIPAIION c.scytaee ees decsoeauvennenca 1.5W reliability. 


D.C. CHARACTERISTICS (tT, = 0°C to 70°, Voc = Vpp = 5V + 5%; 
Vcc = Vpp = 5V +10% for 8755A-2) 


[svweoi] panaweren [wns [ wax [ows | Testconomrions 
vic | Wout tow vorage | 05 | 08 |v | veossov 
lLo +10 Vss< 0.45V < Voyt < Voc 


Ipp | Vpp Supply Current 
5 


Cin [Capacitance of Input Buffer 
Capacitance of I/O Butfer 


D.C. CHARACTERISTICS — PROGRAMMING (T, =0°Cto70°, Vcc = 5V + 5%, Vsg = OV, Vpp = 25V +1V; 
Voc = Vpp = 5V +10% for 8755A-2) 


Programming Voltage (during Write 
to EPROM) 24 25 V 
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A.C. CHARACTERISTICS (tT, = 0°C to 70°, Voc = 5V + 5%: 
Voc = Vpp = 5V +10% for 8755A-2) 


Clock Cycle Time i. 
CLK Pulse Width 
CLK Pulse Width 


8755A-2 
(Preliminary) 


eS | 
n 


20 
120 


~“ 
>) 


wn 


oO 
Ww 
fo) 


CLK Rise and Fall Time 


on 
i) 
ie) 
fo) 


Address to Latch Set Up Time ns 


Address Hold Time after Latch 


tRDF Data Bus Float after READ 0 


teL READ/WRITE Control to Latch Enable 20 
READ/WRITE Control Width 250 
tow Data In to Write Set Up Time 150 
30 

50 


S 


140* 
330 


T70* n 


” 


£ 
oO 
3 


~s 
Oo 
= 


1 


ioe) 


— Y 
oO 


200 
150 


=) 
n 


J 
n 


=) 
wn 


Port Input Hold Time to Control | 
ADDRESS (CE) to READY 


Recovery Time Between Controls 


ee | 
Nn; nl ns! on no |n 


“400 


on 
io) 
12) 
io) 


oO 


ns 
160 
160 


160 
160 


ns 
n 


300 200 


oe 


| 


READ Control to Data Bus Enable 
ALE to Data Out Valid 


On oma 
(an) © 
=) =| 
” ” 


270 


.e) 
oa 
=) 


ak 
j=) 


ik: 
i) 


NOTE: 
Croap = 150pF. 
“Or Tap — (Tat + Tic), whichever is greater. 


A.C. CHARACTERISTICS — PROGRAMMING (Ta, = 0°Cto 70°, Voc = 5V + 5%, Vgg = OV, Vpp = 25V +1V; 
Vcc = Vpp = 5V +10% for 8755A-2) 


| Symbol Parameter Ming | Typ. Max. 

tps Data Setup Time 
[too | DataHoldTimeSC«SSCC 
[ts | ProgPulse SetupTime S| SS? 
tw «i ProgPulseHold Time |S 
[ten | Prog Pulse Rise Time | SOOT 
[ter | Prog Pulse FaliTime | ON 
[tera | Prog Pulse with iTS CS 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 DEVICE 


- TEST POINTS < Meee 
CL = 150 pF 


0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC “1” AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC °1° 
AND 0.8V FOR A LOGIC "0." C, = 150 pF 
C, INCLUDES JIG CAPACITANCE 


WAVEFORMS 


CLOCK SPECIFICATION FOR 8755A 


PROM READ, I/O READ AND WRITE 


ADDRESS 


As-10 ( ADDRESS > 


tap 


ALE 


taAL tLa 
(PROG)/CE, 


tLe 
1OWw 
tec 
tet 
Please note that CE: must remain low for the entire cycle. trv 
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WAVEFORMS (Continued) 


1/0 PORT 


A. INPUT MODE 


B. OUTPUT MODE 


iow 
GLITCH FREE 
twe a OUTPUT 
PORT ; 
OUTPUT 


WAIT STATE (READY = 0) 


CLK 


ta, ———> 


(CE=1) «(CE=0) Le 
ALE 


READY == =——=" 


—t- tary —+>| <—— tayH 
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WAVEFORMS (Continued) 


8755A PROGRAM MODE 


FUNCTION 
PROGRAM CYCLE VERIFY CYCLE* ~<@—— PROGRAM CYCLE 


ALE 


DATA TO BE 
A/Do.7 ADDRESS & SERA BAN AACE = ADDRESS 


tpp <_ 


~ X MX] | XX 
: Wi __ 


PROG/CE > 


+25 


Vpp 


+5 


*VERIFY CYCLE IS A REGULAR MEMORY READ CYCLE (WITH Vpp = +5V FOR 8755A) 
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8801 


CLOCK GENERATOR CRYSTAL 
FOR 8224/8080A 


= Specifically Selected for Intel® 8224 
=# 18.432 MHz for 1.95 ws 8080A Cycle 


a Simple Generation of All Standard 
Communication Baud Rates 


# Frequency Deviation +0.005% 
= Fundamental Frequency Mode 


# 0°C to 70°C Operating Temperature 


The Intel® 8801 is a quartz crystal specifically selected to operate with the 8224 clock generator and the 8080A 
CPU. It resonates in the fundamental frequency mode at 18.432 MHz. This frequency allows the 8080A at full 
speed (Tcy = 488 ns) to have a cycle of 1.95 ws and also simplifies the generation of all standard communica- 
tion baud rates. The 8801 crystal is exactly matched to the requirements of the 8080A/8224 and provides both 
high performance and system flexibility for the microcomputer designer. 


01 
f TO 8080A 
o2 


~2(TTL) TO 8251 
2.048 MHz 


18.432 MHz 


BASIC DIVIDER 
30 


9600 BAUD 
(64X) 


TO 8251 
RXC/TXC 


TRIM 
DIVIDER 


Figure 1. Block Diagram 


8801 


OSC 


Og (TTL) 


3 

RDYIN ——> 
Yee 8224 
CLOCK 

GENERATOR 


STSTB (TO 8228 PIN 1) 


Figure 2. 8801 Interface 
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APPLICATIONS 


The selection of 18.432 MHz provides the 8080A with 
clocks whose period is 488ns. This allows the 8080A 
to operate at very close to its maximum specified 
speed (480 ns). The 8224, when used with the 8801, 
outputs a signal on its OSC pin that is an approxi- 
mately symetrical square wave at a frequency of 
18.432 MHz. This frequency signal can be easily di- 
vided down to generate an accurate, stable baud 
rate clock that can be connected directly to the 
transmitter or receiver clocks of the 8251 USART. 
This feature allows the designer to support most 
standard communication interfaces with aminimum 
of extra hardware. 


The chart below shows the equivalent baud rates 
that are generated with the corresponding dividers. 


Figure 3. Packaging Information 


Table 1. Baud Rate Chart 


Baud Rate Baud Rate 
64x 16x 


9600 


NOTES: 
*For 109.1 (64x) Baud rate divide 1200 Baud Frequency (76.8 KH) by 11. 


ABSOLUTE MAXIMUM RATINGS 


Recommended Drive Level ............... 5 mW 
Type Of RESONANCE ...cscccsnvenccssacces Series 
Equivalent Resistance ................. 20 ohms 
Maximum Shunt Capacity .................. 7 oF 
Maximum Frequency Deviation: 
Cel pecker tcandeadeosesyeendesos + .005% 
SP HIE Ankasewecdeeenes senses + .002% 


“NOTICE: Stresses above those listed under ‘‘Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 
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iAPX 86/10 
16-BIT HMOS MICROPROCESSOR 
8086/8086-2/8086-1 


# Direct Addressing Capability to 1 # Bit, Byte, Word, and Block Operations 


MByte of Memory = 8 and 16-Bit Signed and Unsigned 
Arithmetic in Binary or Decimal 


= Architecture Designed for Powerful Including Multiply and Divide 


Assembly Language and Efficient High 


Level L ; =» Range of Clock Rates: 
oe 5 MHz for 8086, 
= 14 Word, by 16-Bit Register Set with 8 MHz for 8086-2, 
Symmetrical Operations 10 MHz for 8086-1 
s MULTIBUS™ System Compatible 
= 24 Operand Addressing Modes Interface 


The Intel iAPX 86/10 high performance 16-bit CPU is available in three clock rates: 5, 8 and 10 MHz. The CPU is 
implemented in N-Channel, depletion load, silicon gate technology (HMOS), and packaged in a 40-pin CerDIP package. 
The iAPX 86/10 operates in both single processor and multiple processor configurations to achieve high performance 
levels. 


EXECUTION UNIT BUS INTERFACE UNIT 
| } [Revocation | 
REGISTER FILE REGISTER FILE 


SEGMENT 
REGISTERS 


Ycc 
AD15 
A16/S3 
A17/S4 
A18/S5 


INDEX REGS 
(8 WORDS) 


INSTRUCTION 
POINTER 
(5 WORDS) 


BHE/S, 
. Ail/Se 
4 >) : 


16-BIT ALU 
FLAGS 


Ayi/S3 


BUS 16 ) AD15-ADo 
INTERFACE 
UNIT 


3 INTA.RD.WR 
/ 


QiG 


= 


0 (HOLD) 


7 ) OT/A.GEN.ALE amie, aoe 
y LOCK (WR) 


$2 (M/IO) 
$1 (DT/R) 
s0 (DEN) 
Qso (ALE) 

QS1_—(INTA) 


——» LOCK 


CONTROL & TIMING 2.) QS0.0S; 


RGIGTon (Zz) 


HOLD 
HLDA 


fj 40 LEAD 


CLK RESET READY MN/MX GND 
Vcc 


Figure 1. iAPX 86/10 CPU Block Diagram Figure 2. iAPX 86/10 Pin Configuration 
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Table 1. Pin Description 


The following pin function descriptions are for iAPX 86 systems in either minimum or maximum mode. The “Local 
Bus” in these descriptions is the direct multiplexed bus interface connection to the 8086 (without regard to additional 
bus buffers). 


Symbol | Pine. Type) ___.____ NameandFonetion 


AD 5-ADo| 2-16, 39 Address Data Bus: These lines constitute the time multiplexed memory/IO address (T;) 
and data (T», T3, Tw, T4) bus. Ap is analogous to BHE for the lower byte of the data bus, 
pins D7-Dpo. It is LOW during T; when a byte is to be transferred on the lower portion of 
the bus in memory or I/O operations. Eight-bit oriented devices tied to the lower half 
would normally use Ag to condition chip select functions. (See BHE.) These lines are 
active HIGH and float to 3-state OFF during interrupt acknowiledge and local bus “‘hold 
acknowledge.” 


Address/Status: During Ti these are the four most signi- 
ficant address lines for memory operations. During I/O 
operations these lines are LOW. During memory and I/O 
operations, status information is available on these 
lines during To, T3, Tw, and Ty. The status of the interrupt 

enable FLAG bit (Ss) is updated at the beginning of each Ped ae sds 


CLK cycle. A7/S4 and Ay/S3 are encoded as shown. 1 Data 
Sg is 0 
(LOW) 


Aq7iSa | Are!Ss | Characteristics 


0 (LOW) Alternate Data 


This information indicates which relocation register is 
presently being used for data accessing. 


These lines float to 3-state OFF during local bus “hold 
acknowledge.” 


Bus High Enable/Status: During T1 the bus high enable 
signal (BHE) should be used to enable data onto the 


most significant half of the data bus, pins Dy5-Dg. Eight- 
bit oriented devices tied to the upper half of the bus 
would normally use BHE to condition chip select func- 
tions. BHE is LOW during T; for read, write, and inter- 
rupt acknowledge cycles when a byte is to be transfer- 
red on the high portion of the bus. The S7 status informa- 


Characteristics 


Whole word 


Upper byte from/ 
to odd address 


Lower byte from/ 
to even address 


None 


tion is available during Ts, T3, and T4. The signal is active 
LOW, and floats to 3-state OFF in “hold.” It is LOW dur- 
ing T, for the first interrupt acknowledge cycle. 


Read: Read strobe indicates that the processor is performing a memory of I/O read cy- 
cle, depending on the state of the Sp» pin. This signal is used to read devices which 
reside on the 8086 local bus. RD is active LOW during To, T3 and Ty of any read cycle, 
and is guaranteed to remain HIGH in Tp» until the 8086 local bus has floated. 


This signal floats to 3-state OFF in “hold acknowledge.” 


READY: is the acknowledgement from the addressed memory or I/O device that it will 
complete the data transfer. The READY signal from memory/lO is synchronized by the 
8284A Clock Generator to form READY. This signal is active HIGH. The 8086 READY in- 
put is not synchronized. Correct operation is not guaranteed if the setup and hold 
times are not met. 


interrupt Request: is a level triggered input which is sampled during the last clock cy- 
cle of each instruction to determine if the processor should enter into an interrupt 
acknowledge operation. A subroutine is vectored to via an interrupt vector lookup table 
located in system memory. It can be internally masked by software resetting the inter- 
rupt enable bit. INTR is internally synchronized. This signal is active HIGH. 


TEST: input is examined by the “Wait” instruction. If the TEST input is LOW execution 
continues, otherwise the processor waits in an “Idle” state. This input is synchronized 
internally during each clock cycle on the leading edge of CLK. 
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Table 1. Pin Description (Continued) 


Name and Function 


Non-maskable interrupt: an edge triggered input which causes a type 2 interrupt. A 
subroutine is vectored to via an interrupt vector lookup table located in system 
memory. NMI is not maskable internally by software. A transition from a LOW to HIGH 
initiates the interrupt at the end of the current instruction. This input is internally syn- 
chronized. 


Type 


Reset: causes the processor to immediately terminate its present activity. The signal 
must be active HIGH for at least four clock cycles. It restarts execution, as described in 
the Instruction Set description, when RESET returns LOW. RESET is internally syn- 
chronized. 


Clock: provides the basic timing for the processor and bus controller. It is asymmetric 
with a 33% duty cycle to provide optimized internal timing. 


Vcc: + 5V power supply pin. 


Minimum/Maximum: indicates what mode the processor is to operate in. The two 
modes are discussed in the following sections. 


The following pin function descriptions are for the 8086/8288 system in maximum mode (i.e., MN/MX = Vsg). Only the 
pin functions which are unique to maximum mode are described; all other pin functions are as described above. 


Status: active during T4, T;, and T2 and is returned to the 

passive state (1,1,1) during T3 or during Tw when READY | $2 | Sy] So] Characteristics | 
is HIGH. This status is used by the 8288 Bus Controller 0 atercunt 

to generate all memory and I/O access control signals. Acknowledge 
Any change by S5, S;, or Sp during T, is used to indicate etn 
the beginning of a bus cycle, and the return to the pas- Halt 


sive state in Tz or Tw is used to indicate the end of a bus Code Access 
Read Memory 


cycle. Write Memory 


These signals float to 3-state OFF in “hold acknowl- depts 
edge.”’ These status lines are encoded as shown. 


Request/Grant: pins are used by other local bus masters to force the processor to 
release the local bus at the end of the processor’s current bus cycle. Each pin is 
bidirectional with RQ/GT, having higher priority than RQ/GT,. RQ/GT has an internal 
pull-up resistor so may be left unconnected. The request/grant sequence is as follows 
(see Figure 9): 


1. A pulse of 1 CLK wide from another local bus master indicates a local bus request 
(‘hold’) to the 8086 (pulse 1). 


. During a T, or T; clock cycle, a pulse 1 CLK wide from the 8086 to the requesting master 
(pulse 2), indicates that the 8086 has allowed the local bus to float and that it wiil enter 
the ‘hold acknowledge’ state at the next CLK. The CPU’s bus interface unit is discon- 
nected logically from the local bus during “hold acknowledge.’ 


. A pulse 1 CLK wide from the requesting master indicates to the 8086 (pulse 3) that 
the ‘‘hold” request is about to end and that the 8086 can reclaim the local bus at the 
next CLK. 


Each master-master exchange of the local bus is a sequence of 3 pulses. There must 
be one dead CLK cycle after each bus exchange. Pulses are active LOW. 


If the request is made while the CPU is performing a memory cycle, it will release the local 
bus during T, of the cycle when all the following conditions are met: 


1. Request occurs on or before To. 

2. Current cycle is not the low byte of a word (on an odd address). 

3. Current cycle is not the first acknowledge of an interrupt acknowledge sequence. 
4. A locked instruction is not currently executing. 
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Table 1. Pin Description (Continued) 


Name and Function 


If the local bus is idle when the request is made the two possible events will follow: 
1. Local bus will be released during the next clock. 
2. Amemory cycle will start within 3 clocks. Now the four rules for a currently active 
memory cycle apply with condition number 1 already satisfied. 
7 al 


LOCK: output indicates that other system bus masters are not to gain control of the 
system bus while LOCK is active LOW. The LOCK signal is activated by the “LOCK” 
prefix instruction and remains active until the completion of the next instruction. This 
signal is active LOW, and floats to 3-state OFF in ‘hold acknowledge.” 


QS;, QSo | 24, 25 Queue Status: The queue Status is valid during the CLK 
cycle after which the queue operation is performed. 
QS, and QSo provide status to allow external tracking of 
the internal 8086 instruction queue. 


The following pin function descriptions are for the 8086 in minimum mode (i.e., MN/MX = Voc). Only the pin functions which 
are unique to minimum mode are described; all other pin functions are as described above. 


Status line: logically equivalent to Sy in the maximum mode. It is used to distinguish a 
memory access from an I/O access. M/IO becomes valid in the T, preceding a bus cycle 
and remains valid until the final T, of the cycle (M= HIGH, IO = LOW). MIIO floats to 
3-state OFF in local bus “hold acknowledge.” 


Write: indicates that the processor is performing a write memory or write I/O cycle, 
depending on the state of the M/IO signal. WR is active for To, T3 and Tw of any write cy- 
cle. It is active LOW, and floats to 3-state OFF in local bus “hold acknowledge.” 


INTA is used as a read strobe for interrupt acknowledge cycles. It is active LOW during 
To, T3 and Tw of each interrupt acknowledge cycle. 


Address Latch Enable: provided by the processor to latch the address into the 8282/ 
8283 address latch. It is a HIGH pulse active during T; of any bus cycle. Note that ALE 
is never floated. 


Data Transmit/Receive: needed in minimum system that desires to use an 8286/8287 
data bus transceiver. It is used to control the direction of data flow through the 
transceiver. Logically DT/R is equivalent to S; in the maximum mode, and its timing is 
the same as for M/IO. (T = HIGH, R= LOW.) This signal floats to 3-state OFF in local bus 
“hold acknowledge.” 


Data Enable: provided as an output enable for the 8286/8287 in a minimum system 
which uses the transceiver. DEN is active LOW during each memory and I/O access and 
for INTA cycles. For a read or INTA cycle it is active from the middle of T. until the mid- 
dle of T4, while for a write cycle it is active from the beginning of To until the middle of 
T,. DEN floats to 3-state OFF in local bus “hold acknowledge.” 


HOLD, HOLD: indicates that another master is requesting a local bus ‘“‘hold.’’ To be acknowl- 

HLDA edged, HOLD must be active HIGH. The processor receiving the ‘“‘hold’”’ request will 
issue HLDA (HIGH) as an acknowledgement in the middle of a T, or T; clock cycle. Simul- 
taneous with the issuance of HLDA the processor will float the local bus and control 
lines. After HOLD is detected as being LOW, the processor will LOWer HLDA, and when 
the processor needs to run another cycle, it will again drive the local bus and control 
lines. 


The same rules as for RQIGT apply regarding when the local bus will be released. 


HOLD is not an asynchronous input. External synchronization should be provided if the 
system cannot otherwise guarantee the setup time. 
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FUNCTIONAL DESCRIPTION 


GENERAL OPERATION 


The internal functions of the iAPX 86/10 processor are 
partitioned logically into two processing units. The first is 
the Bus Interface Unit (BIU) and the second is the Exe- 
cution Unit (EU) as shown in the block diagram of 
Figure 1. 


These units can interact directly but for the most part 
perform as separate asynchronous operational process- 
ors. The bus interface unit provides the functions related 
to instruction fetching and queuing, operand fetch and 
store, and address relocation. This unit also provides the 
basic bus control. The overlap of instruction pre-fetching 
provided by this unit serves to increase processor perfor- 
mance through improved bus bandwidth utilization. Up to 
6 bytes of the instruction stream can be queued while 
waiting for decoding and execution. 


The instruction stream queuing mechanism allows the 
BIU to keep the memory utilized very efficiently. When- 
ever there is space for at least 2 bytes in the queue, the 
BIU will attempt a word fetch memory cycle. This greatly 
reduces “dead time’ on the memory bus. The queue 
acts as a First-In-First-Out (FIFO) buffer, from which the 
EU extracts instruction bytes as required. If the queue is 
empty (following a branch instruction, for example), the 
first byte into the queue immediately becomes available 
to the EU. 


The execution unit receives pre-fetched instructions 
from the BIU queue and provides un-relocated operand 
addresses to the BIU. Memory operands are passed 
through the BIU for processing by the EU, which passes 
results to the BIU for storage. See the Instruction Set 
description for further register set and architectural 
descriptions. 


Memory 
Reference Need 


Instructions 


Local Data 


DATA (DS) 


External (Global) Data 


Segment Register Segment 
Used Selection Rule 


CODE (CS) Automatic with all instruction prefetch. 


Stack STACK (SS) All stack pushes and pops. Memory references relative to BP 
base register except data references. 


Data references when: relative to stack, destination of string 


operation, or explicitly overridden. 


EXTRA (ES) Destination of string operations: Explicitly selected using a 
segment override. 


MEMORY ORGANIZATION 


The processor provides a 20-bit address to memory which 
locates the byte being referenced. The memory is orga- 
nized as a linear array of up to 1 million bytes, addressed 
as 00000(H) to FFFFF(H). The memory is logically divided 
into code, data, extra data, and stack segments of up to 
64K bytes each, with each segment falling on 16-byte 
boundaries. (See Figure 3a.) 


All memory references are made relative to base 
addresses contained in high speed segment registers. The 
segment types were chosen based on the addressing 
needs of programs. The segment register to be selected is 
automatically chosen according to the rules of the follow- 
ing table. All information in one segment type share the 
same logical attributes (e.g. code or data). By structuring 
memory into relocatable areas of similar characteristics 
and by automatically selecting segment registers, pro- 
grams are shorter, faster, and more structured. 


Word (16-bit) operands can be located on even or odd 
address boundaries and are thus not constrained to 
even boundaries as is the case in many 16-bit com- 
puters. For address and data operands, the least signifi- 
cant byte of the word is stored in the lower valued 
address location and the most significant byte in the 
next higher address location. The BIU automatically per- 
forms the proper number of memory accesses, one if 
the word operand is on an even byte boundary and two if 
it is On an odd byte boundary. Except for the perfor- 
mance penalty, this double access is transparent to the 
software. This performance penalty does not occur for 
instruction fetches, only word operands. 


Physically, the memory is organized as a high bank 
(D;5-Dg) and a low bank (D7-Dp) of 512K 8-bit bytes 
addressed in parallel by the processor’s address lines 


Aig - Ai. Byte data with even addresses is transferred on 
the D7-Do bus lines while odd addressed byte data (Ao 
HIGH) is transferred on the D15-Dg bus lines. The process- 
or provides two enable signals, BHE and Apo, to selectively 
allow reading from or writing into either an odd byte 
location, even byte location, or both. The instruction 
stream is fetched from memory as words and is addressed 
internally by the processor to the byte level as necessary. 
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p— FFFFFH 


CODE SEGMENT 


XXXXOH 


a SEGMENT 


+ OFFSET 


SEGMENT 
REGISTER FILE 


| DATA SEGMENT 


| EXTRA DATA SEGMENT 


Figure 3a. Memory Organization 


In referencing word data the BIU requires one or two 
memory cycles depending on whether or not the start- 
ing byte of the word is on an even or odd address, 
respectively. Consequently, in referencing word oper- 
ands performance can be optimized by locating data on 
even address boundaries. This is an especially useful 
technique for using the stack, since odd address refer- 
ences to the stack may adversely affect the context 
switching time for interrupt processing or task multi- 
plexing. 


Certain locations in memory are reserved for specific 
CPU operations (see Figure 3b.) Locations from address 
FFFFOH through FFFFFH are reserved for operations 
including a jump to the initial program loading routine. 
Following RESET, the CPU will always begin execution 
at location FFFFOH where the jump must be. Locations 
QOOOOH through OO3FFH are reserved for interrupt 
operations. Each of the 256 possible interrupt types has 
its service routine pointed to by a 4-byte pointer element 


consisting of a 16-bit segment address and a 16-bit off- 
set address. The pointer elements are assumed to have 
been stored at the respective places in reserved memory 
prior to occurrence of interrupts. 


FFFFFH 
RESET BOOTSTRAP 
PROGRAM JUMP 
FFFFOH 


INTERRUPT POINTER 
FOR TYPE 255 


INTERRUPT POINTER 
FOR TYPE 1 
INTERRUPT POINTER 
FOR TYPE 0 


Figure 3b. Reserved Memory Locations 


MINIMUM AND MAXIMUM MODES 


The requirements for supporting minimum and maximum 
iAPX 86/10 systems are sufficiently different that they 
cannot be done efficiently with 40 uniquely defined 
pins. Consequently, the 8086 is equipped with a strap 
pin (MN/MX) which defines the system configuration. 
The definition of a certain subset of the pins changes 


dependent on the condition of the strap pin. When 
MN/MX pin is strapped to GND, the 8086 treats pins 24 


through 31 in maximum mode. An 8288 bus controller 
interprets status information coded into So,S;,S2 to gen- 
erate bus timing and control signals compatible with 
the MULTIBUS™ architecture. When the MN/MX pin is 
strapped to Vcc, the 8086 generates bus control signals 
itself on pins 24 through 31, as shown in parentheses in 
Figure 2. Examples of minimum mode and maximum 
mode systems are shown in Figure 4. 
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TRANSCEIVER 


(2) i cierst 
FET 
=. | 


OPTIONAL EOD 
FOR INCREASED 
DATA BUS DRIVE 2142 RAM (4) 
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Figure 4a. Minimum Mode iAPX 86/10 Typical Configuration 


ADDRIDATA 


OE 
8286 
TRANSCEIVER 
(2) 


CSOn CSO. WE OD 
2142 RAM (4) 2716-2 PROM (2) 


(2) (2) 
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Figure 4b. Maximum Mode iAPX 86/10 Typical Configuration 
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BUS OPERATION 


The 86/10 has a combined address and data bus com- 
monly referred to as a time multiplexed bus. This tech- 
nique provides the most efficient use of pins on the 
processor while permitting the use of a standard 40-lead 
package. This “local bus” can be buffered directly and 
used throughout the system with address latching pro- 
vided on memory and I/O modules. In addition, the bus 
can also be demultiplexed at the processor with a single 
set of address latches if a standard non-multiplexed bus 
is desired for the system. 


Each processor bus cycle consists of at least four CLK 
cycles. These are referred to as T;, To, T3 and Ty, (see 
Figure 5). The address is emitted from the processor 
during T; and data transfer occurs on the bus during T3 
and Ty. T2 is used primarily for changing the direction of 
the bus during read operations. In the event that a ‘‘NOT 
READY” indication is given by the addressed device, 
“Wait” states (Tw) are inserted between T3 and T,4. Each 
inserted ‘‘Wait” state is of the same duration as a CLK 
cycle. Periods can occur between 8086 bus cycles. 
These are referred to as “Idle” states (T)) or inactive CLK 
cycles. The processor uses these cycles for internal 
housekeeping. 


During T; of any bus cycle the ALE (Address Latch 
Enable) signal is emitted (by either the processor or the 
8288 bus controller, depending on the MN/MxX strap). At 
the trailing edge of this pulse, a valid address and cer- 
tain status information for the cycle may be latched. 


Status bits Be, S;, and S> are used, in maximum mode, 


by the bus controller to identify the type of bus transac- 


tion according to the following table: 


5 [sls CHARACTERISTICS 


0 (LOW) Interrupt Acknowledge 
Read I/O 

Write I/O 

Halt 

Instruction Fetch 
Read Data from Memory 
Write Data to Memory 
Passive (no bus cycle) 
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Status bits S3 through S7 are multiplexed with high- 
order address bits and the BHE signal, and are therefore 
valid during Tz through Ty. S3 and Sy, indicate which 
segment register (see Instruction Set description) was 
used for this bus cycle in forming the address, accord- 
ing to the following table: 


tS) UNEACTeRIE a _ 7 


Alternate Data (extra segment) 


Stack 
Code or None 
Data 


Ss is a reflection of the PSW interrupt enable bit. Se=0 and 
S7 is a spare status bit. 


(0 ADDRESSING 


In the 86/10, I/O operations can address up to a maximum 
of 64K I/O byte registers or 32K I/O word registers. The 
I/O address appears in the same format as the memory 
address on bus lines A;s5-Ap. The address lines Aj 9-Ai¢ 
are zero in I/O operations. The variable I/O instructions 
which use register DX as a pointer have full address capa- 
bility while the direct I/O instructions directly address one 
or two of the 256 I/O byte locations in page 0 of the I/O 
address space. 


I/O ports are addressed in the same manner as memory 
locations. Even addressed bytes are transferred on the 
D7-Dp bus lines and odd addressed bytes on Dj5-Dg. 
Care must be taken to assure that each register within 
an 8-bit peripheral located on the lower portion of the 
bus be addressed as even. 
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Figure 5. Basic System Timing 


7-9 


AFN-01497B 


intel 


EXTERNAL INTERFACE 


PROCESSOR RESET AND INITIALIZATION 


Processor initialization or start up is accomplished with 
activation (HIGH) of the RESET pin. The 8086 RESET is 
required to be HIGH for greater than 4 CLK cycles. The 
8086 will terminate operations on the high-going edge of 
RESET and will remain dormant as long as RESET is 
HIGH. The low-going transition of RESET triggers an 
internal reset sequence for approximately 10 CLK cycles. 
After this interval the 8086 operates normally beginning 
with the instruction in absolute location FFFFOH (see 
Figure 3B). The details of this operation are specified in the 
Instruction Set description of the MCS-86 Family User’s 
Manual. The RESET input is internally synchronized to the 
processor clock. At initialization the HIGH-to-LOW trans- 
ition of RESET must occur no sooner than 50 us after 
power-up, to allow complete initialization of the 8086. 


NMI may not be asserted prior to the 2nd CLK cycle fol- 
lowing the end of RESET. 


INTERRUPT OPERATIONS 


Interrupt operations fall into two classes; software or 
hardware initiated. The software initiated interrupts and 
software aspects of hardware interrupts are specified in 
the Instruction Set description. Hardware interrupts can 
be classified as non-maskable or maskable. 


Interrupts result in a transfer of control to a new pro- 
gram location. A 256-element table containing address 
pointers to the interrupt service program locations 
resides in absolute locations 0 through 3FFH (see 
Figure 3b), which are reserved for this purpose. Each 
element in the table is 4 bytes in size and corresponds 
to an interrupt ‘‘type”. An interrupting device supplies 
an 8-bit type number, during the interrupt acknowledge 


INTA a a 
FLOAT 
ADy-ADi 
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sequence, which is used to “vector” through the ap- 
propriate element to the new interrupt service program 
location. 


NON-MASKABLE INTERRUPT (NMI) 


The processor provides a single non-maskable interrupt 
pin (NMI) which has higher priority than the maskable in- 
terrupt request pin (INTR). A typical use would be to ac- 
tivate a power failure routine. The NMI is edge-triggered 
on a LOW-to-HIGH transition. The activation of this pin 
causes a type 2 interrupt. (See Instruction Set descrip- 
tion.) 


NMI is required to have a duration in the HIGH state of 
greater than two CLK cycles, but is not required to be 
synchronized to the clock. Any high-going transition of 
NMI is latched on-chip and will be serviced at the end of 
the current instruction or between whole moves of a 
block-type instruction. Worst case response to NMI 
would be for multiply, divide, and variable shift instruc- 
tions. There is no specification on the occurrence of the 
low-going edge; it may occur before, during, or after the 
servicing of NMI. Another high-going edge triggers 
another response if it occurs after the start of the NMI 
procedure. The signal must be free of logical spikes in 
general and be free of bounces on the low-going edge to 
avoid triggering extraneous responses. 


MASKABLE INTERRUPT (INTR) 


The 86/10 provides a single interrupt request input (INTR) 
which can be masked internally by software with the 
resetting of the interrupt enable FLAG status bit. The 
interrupt request signal is level triggered. It is internally 
synchronized during each clock cycle on the high-going 
edge of CLK. To be responded to, INTR must be present 
(HIGH) during the clock period preceding the end of the 
Current instruction or the end of a whole move for a 
block-type instruction. During the interrupt response 
sequence further interrupts are disabled. The enable bit 
is reset as part of the response to any interrupt (INTR, 
NMI, software interrupt or single-step), although the 


TYPE VECTOR 


Figure 6. Interrupt Acknowledge Sequence 
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FLAGS register which is automatically pushed onto the 
stack reflects the state of the processor prior to the 
interrupt. Until the old FLAGS register is restored the 


enable bit will be zero unless specifically set by an 
instruction. 


During the response sequence (figure 6) the processor 
executes two successive (back-to-back) interrupt 
acknowledge cycles. The 8086 emits the LOCK signal 
from Tp» of the first bus cycle until T> of the second. A 
local bus ‘hold’ request will not be honored until the 
end of the second bus cycle. In the second bus cycle a 
byte is fetched from the external interrupt system (e.g., 
8259A PIC) which identifies the source (type) of the 
interrupt. This byte is multiplied by four and used as a 
pointer into the interrupt vector lookup table. An INTR 
signal left HIGH will be continually responded to within 
the limitations of the enable bit and sample period. The 
INTERRUPT RETURN instruction includes a FLAGS pop 
which returns the status of the original interrupt enable 
bit when it restores the FLAGS. 


HALT 


When a software “HALT” instruction is executed the 
processor indicates that it is entering the “HALT” state 
in one of two ways depending upon which mode is 
strapped. In minimum mode, the processor issues one 
ALE with no qualifying bus control signals. In Maximum 
Mode, the processor issues appropriate HALT status on 
S2S,Sp and the 8288 bus controller issues one ALE. The 
8086 will not leave the ‘‘HALT’’ state when a local bus 
“hold” is entered while in “HALT”. In this case, the 
processor reissues the HALT indicator. An interrupt 
request or RESET will force the 8086 out of the ‘‘HALT”’ 
state. 


READ/MODIFY/WRITE (SEMAPHORE) 
OPERATIONS VIA LOCK 


The LOCK status information is provided by the proc- 
essor when directly consecutive bus cycles are required 
during the execution of an instruction. This provides the 
processor with the capability of performing read/modify/ 
write operations on memory (via the Exchange Register 
With Memory instruction, for example) without the 
possibility of another system bus master receiving 
intervening memory cycles. This is useful in multi- 
processor system configurations to accomplish ‘test 
and set lock” operations. The LOCK signal is activated 
(forced LOW) in the clock cycle following the one in 
which the software “LOCK” prefix instruction is 
decoded by the EU. It is deactivated at the end of the 
last bus cycle of the instruction following the ‘‘LOCK”’ 
prefix instruction. While LOCK is active a request on a 
RQ/GT pin will be recorded and then honored at the end 
of the LOCK. 


EXTERNAL SYNCHRONIZATION VIA TEST 


As an alternative to the interrupts and general 1/O 
capabilities, the 8086 provides a single software- 
testable input known as the TEST signal. At any time the 
program may execute a WAIT instruction. If at that time 
the TEST signal is inactive (HIGH), program execution 
becomes suspended while the processor waits for TEST 
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to become active. It must remain active for at least 5 
CLK cycles. The WAIT instruction is re-executed 
repeatedly until that time. This activity does not con- 
sume bus cycles. The processor remains in an idle state 
while waiting. All 8086 drivers go to 3-state OFF if bus 
“Hold” is entered. If interrupts are enabled, they may 
occur while the processor is waiting. When this occurs 
the processor fetches the WAIT instruction one extra 
time, processes the interrupt, and then re-fetches and 
re-executes the WAIT instruction upon returning from 
the interrupt. 


BASIC SYSTEM TIMING 


Typical system configurations for the processor 
operating in minimum mode and in maximum mode are 
shown in Figures 4a and 4b, respectively. In minimum 
mode, the MN/MX pin is strapped to Vcc and the proc- 
essor emits bus control signals in a manner similar to 
the 8085. In maximum mode, the MN/MX pin is strapped 
to Vss and the processor emits coded status informa- 
tion which the 8288 bus controller uses to generate 
MULTIBUS compatible bus control signals. Figure 5 il- 
lustrates the signal timing relationships. 


ACCUMULATOR 
BASE 

COUNT 

DATA 


STACK POINTER 
BASE POINTER 
SOURCE INDEX 
DESTINATION INDEX 


INSTRUCTION POINTER 
STATUS FLAGS 


CODE SEGMENT 
DATA SEGMENT 
STACK SEGMENT 
EXTRA SEGMENT 


Figure 7. iAPX 86/10 Register Model 


SYSTEM TIMING — MINIMUM SYSTEM 


The read cycle begins in T, with the assertion of the 
Address Latch Enable (ALE) signal. The trailing (low- 
going) edge of this signal is used to latch the address 
information, which is valid on the local bus at this time, 
into the 8282/8283 latch. The BHE and Ao signals 
address the low, high, or both bytes. From T, to T, the 
M/IO signal indicates a memory or I/O operation. At T, 
the address is removed from the local bus and the bus 
goes to a high impedance state. The read control signal 
is also asserted at To. The read (RD) signal causes the 
addressed device to enable its data bus drivers to the 
local bus. Some time later valid data will be available on 
the bus and the addressed device will drive the READY 
line HIGH. When the processor returns the read signal 
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to a HIGH level, the addressed device will again 3-state 
its bus drivers. If a transceiver (8286/8287) is required to 
buffer the 8086 local bus, signals DT/R and DEN are pro- 
vided by the 8086. 


A write cycle also begins with the assertion of ALE and 
the emission of the address. The M/IO signal is again 
asserted to indicate a memory or I/O write operation. In 
the Ts immediately following the address emission the 
processor emits the data to be written into the 
addressed location. This data remains valid until the 
middle of T,. During T>, T3, and Tw the processor asserts 
the write control signal. The write (WR) signal becomes 
active at the beginning of Tz as opposed to the read 
which is delayed somewhat into Tp» to provide time for 
the bus to float. 


The BHE and Ao signals are used to select the proper 
byte(s) of the memory/IO word to be read or written 
according to the following table: 


| ene | 10 | cuanactenistics 


Whole word 


Upper byte from/ 
to odd address 


Lower byte from/ 
to even address 


None 


/O ports are addressed in the same manner as memory 
location. Even addressed bytes are transferred on the 
D7-Dp bus lines and odd addressed bytes on D;5-Dg. 


The basic difference between the interrupt acknowl- 
edge cycle and a read cycle is that the interrupt 
acknowledge signal (INTA) is asserted in place of the 
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read (RD) signal and the address bus is floated. (See 
Figure 6.) In the second of two successive INTA cycles, 
a byte of information is read from bus lines D7-Do as 
supplied by the interrupt system logic (i.e., 8259A Prior- 
ity Interrupt Controller). This byte identifies the source 
(type) of the interrupt. It is multiplied by four and used 
as a pointer into an interrupt vector lookup table, as 
described earlier. 


BUS TIMING—MEDIUM SIZE SYSTEMS 


For medium size systems the MN/MX pin is connected to 
Vss and the 8288 Bus Controller is added to the system as 
well as an 8282/8283 latch for latching the system address, 
and a 8286/8287 transceiver to allow for bus loading 
greater than the 8086 is capable of handling. Signals ALE, 
DEN, and DT/R are generated by the 8288 instead of the 
processor in this configuration although their timing re- 
mains relatively the same. The 8086 status outputs (So, S;, 
and So) provide type-of-cycle information and become 
8288 inputs. This bus cycle information specifies read 
(code, data, or I/O), write (data or I/O), interrupt acknowl- 
edge, or software halt. The 8288 thus issues control 
signals specifying memory read or write, I/O read or write, 
or interrupt acknowledge. The 8288 provides two types of 
write strobes, normal and advanced, to be applied as re- 
quired. The normal write strobes have data valid at the 
leading edge of write. The advanced write strobes have 
the same timing as read strobes, and hence data isn’t valid 
at the leading edge of write. The 8286/8287 transceiver 
receives the usual T and OE inputs from the 8288’s DT/R 
and DEN. 


The pointer into the interrupt vector table, which is 
passed during the second INTA cycle, can derive from 
an 8259A located on either the local bus or the system 
bus. If the master 8259A Priority Interrupt Controller is 
positioned on the local bus,aTTL gate is required to 
disable the 8286/8287 transceiver when reading from the 
master 8259A during the interrupt acknowledge 
sequence and software “poll”. 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias......... 0°C to 70°C 
Storage Temperature............. — 65°C to + 150°C 
Voltage on Any Pin with 

Respect to Ground... .csscccescenvvens -—1.0 to +7V 
Power DISSINGLION ..cccsccannrvesanctocnwas 2.5 Watt 


*NOTICE: Stresses above those listed under ‘‘Absolute 
Maximum Ratings’”’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (8086: Ty, = 0°C to 70°C, Voc = 5V + 10%) 
(8086-1: Ta = 0°C to 70°C, Voc = 5V + 5%) 
(8086-2: Ta = 0°C to 70°C, Voc = 5V + 5%) 


Parameter 


Input Low Voltage 


Input High Voltage 200 : 


Output High Voltage 


Power Supply Current: 8086 
8086-1 
8086-2 


Input Leakage Current 
Output Leakage Current 
Clock Input Low Voltage 

| Von ‘Clock Input High Voltage 


Capacitance of I/O Buffer 
(ADy— AD 45, RQ/GT) 
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Capacitance of Input Buffer 
(All input except _ 15 pF fo= 1 MHz 
ADy — ADi5, RQ/GT) 
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A.C. CHARACTERISTICS (8086: Ty, = 0°C to 70°C, Voc = 5V + 10%) 
(8086-1: Ta = 0°C to 70°C, Voc = 5V + 5%) 
(8086-2: Ta = 0°C to 70°C, Voc = 5V + 5%) 


MINIMUM COMPLEXITY SYSTEM 
TIMING REQUIREMENTS 


Test 


/TCLCH | CLK LowTime Low Time ere | @4TCLCL)-15 | ~15 (24 aa 14 See TOLCLI=16 


TCHCL CLK High Time (% | (% TCLCL)+2 _ | (YTCLCL)+6 | TCLCL)+6 - (TCLCL)+2 TCLCL)+2 


TCH1CH2 CLK Rise Time From 1.0V to 
3.5V 
1.0V 


HTDvcL | Data in | Data in Setup Time | Time 
TCLDX _| Data in Hold Time a SO CON PNAS MT 
TRIVCL RDY Setup Time 

into 8284A (See 

Notes 1, 2) 


RDY Hold Time 
into 8284A (See 
Notes 1, 2) 


TRYHCH READY Setup (% TCLCL)-—15 (2% TCLCL)-—15 
Time into 8086 
TCHRYX READY Hold Time 
into 8086 
TRYLCL READY Inactive to 
CLK cy Note 3) 
| THVCH | HOLD | HOLD Setup Time | Time 
TINVCH INTR, NMI, TEST 
Setup Time (See 
Note 2) 
TILIH Input Rise Time From 0.8V to 
(Except CLK) 2.0V 
TIHIL Input Fall Time From 2.0V to 
(Except CLK) 0.8V 


TCLR1X 
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A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 


Address Valid Delay 10 
TCLAX Address Hold Time 10 


TCLAZ Address Float TCLAX 
Delay 


TLHLL ALE Width TCLCH-—20 
TCLLH ALE Active Delay 
TCHLL ALE Inactive Delay 


Address Hold Time TCHCL-—10 
to ALE Inactive 
TCLDV Data Valid Delay 10 
TCHDX Data Hold Time 10 


TWHDX Data Hold Time TCLCH-—30 
After WR 

TCVCTV Control Active 10 
Delay 1 

TCHCTV Control Active 
Delay 2 

TCVCTX Control Inactive 10 
Delay 

TAZRL Address Float to 
READ Active 

TCLRL RD Active Delay 10 

TCLRH RD Inactive Delay 


TRHAV RD Inactive to Next TCLCL-45 
Address Active 
TCLHAV HLDA Valid Delay 


TRLRH 


‘ 
i=) 
eo 
oa 
co 
So 
eo 
fo2) 
] 


Test 
Conditions 


8086-1 (Preliminary) - 


| Max. | 

a 
| 
Kel Mall 
Loa 
Za 
| 45 


S 


4 
i?) 


TCLCH-10 

TCHCL—10 _ 
eee a 
ee 


TCLCH-—25 TCLCH-—30 


= 
ae 
—>~ 

a oe 
10 

oa 


TCLCH-10 


TCHCL-—10 


110 *CL = 20-100 pF 
for all 8086 Out- 
puts (In addi- 


tion to 8086 self- 
load) 


FAL RR 
[lel eel [el oe 


110 
110 
110 
150 


10 70 

10 

10 70 
0 


TCLCL-—35 TCLCL—40 


160 109 


2TCLCL—40 2TCLCL—50 


2TCLCL—35 2TCLCL—40 


TCLCH-—35 - TCLCH—40 
TOHOL Output Fall Time (er 
NOTES: 


1. Signal at 8284A shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T2 state. (8 ns into T3). 


2TCLCL-75 


WR Width 2TCLCL—60 


TAVAL Address Valid to TCLCH-—60 
ALE Low 
TOLOH Output Rise Time 


= 
= 


From 0.8V to 
2.0V 
From 2.0V to 
0.8V 


12 


ie) 


A/a] | aad] 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


DEVICE 
UNDER 
TEST 


1.5 <— TEST POINTS ——} 1.5 
C, = 100 pF 


0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC "1" AND 0.45V FOR 
A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 


LOGIC "1" AND "0." 
C, INCLUDES JIG CAPACITANCE 


WAVEFORMS 


MINIMUM MODE ; 
3 Tw 


TCL2CL1 / 


CLK (8284A Output) 


—»| TCLDV routs 
TCLAX a 


—>| TAVAL 
TCHLL—| <= TRIVCL 


RDY (8284A Input) 
SEE NOTE 4 


READY (8086 Input) : TCHR 
we YX 


<=_- 


TDOVCL ——>}=—TCLDX—~> 


AD i5-ADo DATA IN 
FLOAT 


TRHAV 


READ CYCLE 
(NOTE 1) 


(WR, INTA = Von) 


TCHCTV TCLRL 


TCVCTV— 
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WAVEFORMS (Continued) 


MINIMUM MODE (Continued) 


CLK (8284A Output) 


BHEIS7, Aig/Se-A16/S3 


ADi5-ADo 


WRITE CYCLE 
(NOTE 1) 


(RD, INTA, 
DT/R = Von) 


AD i5-ADo 


INTA CYCLE 
(NOTES 1 & 3) 


RD, WR=Von 
BHE = Vou) 


SOFTWARE HALT— 
RD, WR, INTA = Voy 
DT/R = INDETERMINATE 


NOTES: 
All signals switch between Voy and Vo, unless otherwise specified. 
RDY is sampled near the end of To, T3, Tw to determine if Tw machines states are to be inserted. 
Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control signals shown 


ip 
2. 
3. 


for second INTA cycle. 


=, { TCHCTV 


. Signals at 8284A are shown for reference only. 
. All timing measurements are made at 1.5V unless otherwise noted. 


_ a 


wg 


INVALID ADDRESS 
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T3 
TCL2CL1 


(rence) 
AL 


SOFTWARE HALT 


FLOAT 
TCHCTV 
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A.C. CHARACTERISTICS 


MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 
TIMING REQUIREMENTS 


Test 
ee ees 8086 | 8086-1 (Preliminary) 8086-2 (Preliminary) eas | Conditions 


pine Mae | in| Max | Min. | Max || 
TELOL_f Si Oe Feod_|__a00_[ 90 |__1o_| om | _v@s_{_mo | me | 
pouch | cikLowTime | astoucuy-15 | | aatoucuy-14| | atoucyy-15 |_| ns _| 
[ToHoL | cukHigh Time | atorcy+e | | atoron+s | | ratoucu+e | | ns 


TCH1CH2 CLK Rise Time From 1.0V to 
3.5V 
1.0V 


[ToveL | Datainsetuptime | go | | | | ts 
|TCLOX | DatainHoidtime | | | | | 


TRIVCL RDY Setup Time 
into 8284A (See 
Notes 1, 2) 


RDY Hold Time 
into 8284A (See 
Notes 1, 2) 


TRYHCH READY Setup Time | (% TCLCL)-—15 (% TCLCL)-—15 
into 8086 
TCHRYX READY Hold Time 
into 8086 
TRYLCL READY Inactive to 
CLK (See Note 4) 
TINVCH Setup Time for 
Recognition (INTR, 
NMI, TEST) (See 
Note 2) 
TGVCH RQ/GT Setup Time 
TILIH Input Rise Time From 0.8V to 
(Except CLK) 2.0V 
TIHIL Input Fall Time From 2.0V to 
(Except CLK) 0.8V 


NOTES: 

1. Signal at 8284A or 8288 shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T3 and wait states. 

4. Applies only to T2 state (8 ns into T3). 


TCLR1X 
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A.C. CHARACTERISTICS (Continued) 


= 
S 
z 
ra) 
0 
m 
oO 
0 
2) 
z 
D 
m 
O 


TCLML 


TCLMH 


TRYHSH 


TCHSV 


TCLSH 


TCLAV 


TSVLH 


TSVMCH 


TCLLH 


fi Aes t/t 


TCLMCH 


TCHLL 


TCLMCL 


TCLDV 
TCHDX 
TCVNV 


TCVNX 


TAZRL 


TCLRL 
TCLRH 
TRHAV 


TCHDTL 


TCHDTH 


TCLGL 
TCLGH 
TRLRH 
TOLOH 


TOHOL 


Command Active 
Delay (See Note 1) 
Command Inactive 


Delay (See Note 1) 


READY Active to 
Status Passive (See 
Note 3) 


Status Active Delay 
Status Inactive 
Delay 

Address Valid 
Delay 


Address Hold Time 
Address Float Delay 


Status Valid to ALE 
High (See Note 1) 


Status Valid to 


MCE High (See 
Note 1) 


CLK Low to ALE 
Valid (See Note 1) 


CLK Low to MCE 
High (See Note 1) 
ALE Inactive Delay 
(See Note 1) 

MCE Inactive Delay 
(See Note 1) 

Data Valid Delay 
Data Hold Time 
Control Active 
Delay (See Note 1) 


Control Inactive 
Delay (See Note 1) 


Address Float to 
Read Active 

RD Active Delay 
RD Inactive Delay 


RD Inactive to 
Next Address Active 


Direction Control 
Active Delay (See 
Note 1) 


Direction Control 
Inactive Delay (See 
Note 1) 


GT Active Delay 
GT Inactive Delay 


Output Rise Time 
Output Fall Time 


8086-1 (Preliminary) 


TCLCL-—45 


2TCLCL-— 75 


eee 
Touax | 80 


= 

are 

oO 
= = 
oO oO 


110 


165 


TCLCL-35 


2TCLCL—40 


Le) 


7-19 


= 
oa 


a 


70 


8086-2 (Preliminary) 


os 
oO 


_ 


0 
TCLCL-—40 


2TCLCL-—50 


on 


—_ —_ ~ 


1o4) 


Test 
Conditions 


Cy = 20-100 pF 
for all 8086 Out- 
puts (In addi- 
tion to 8086 self- 
load) 


From 0.8V to 
2.0V 
From 2.0V to 
0.8V 
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WAVEFORMS 


MAXIMUM MODE 


3 TCHDX 


BHE/S7, Ai9/Sg-A1e/S3 


ALE (8288 OUTPUT) 
SEE NOTE 5 TRIVCL 


Reet 
rasan a ee 


TRYLCL 


READY (8086 INPUT) 
TRYHSH — 
—>|TCLAX 


ciel 


READ CYCLE TCLAV—| —>|TCLAZ TDVCL 


; A15-ADo DATA IN 
ADA a .. =< rom 
TAZRL—> TRHAV 


[—" 
TCHDTL —| — TCLRL ian a TCHDTH 
DT/R 


MRDC OR iORC 


8288 OUTPUTS 
SEE NOTES 5,6 


DEN 
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WAVEFORMS (Continued) 


MAXIMUM MODE (Continued) 


Tw 


WRITE CYCLE eal Es TCHDX—> 


(Town Xm 


TCLMH— 


8288 OUTPUTS 
SEE NOTES 5,6 AMWC OR AIOWC 


=— TCLMH 


INTA CYCLE 


ADi5-ADpo RESERVED FOR 
(SEE NOTES 3 & 4) CASCADE ADDR 
TCLAZ <+— TDOVCL—> 


V | | 
|) POINTER 
FLOAT 


TCLMCL>|  }=— 


TSVMCH—-+! | |=— 


TCLMCH— =-TCHDTL TCHDTH 


-_— 


8288 OUTPUTS TCLML —~ 


SEE NOTES 5,6 rr 


—e|\ — TCVNV ae 


SOFTWARE HALT — TCVNX — 


(DEN = Vo.;RD,MRDC,IORC,MWTC,AMWC 


NOTES: 

1. All signals switch between Voy and Vo, unless otherwise specified. 

2. RDY is sampled near the end of To, T3, Tw to determine if Tw machines states are to be inserted. 

3. Cascade address is valid between first and second INTA cycle. 

4. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control for pointer 
address is shown for second INTA cycle. 

. Signals at 8284A or 8288 are shown for reference only. a 

6. The issuance of the 8288 command and control signals (MRDC, MWTC, AMWC, IORC, lIOWC, AIOWC, INTA and DEN) lags the 

active high 8288 CEN. 
7. All timing measurements are made at 1.5V unless otherwise noted. 
8. Status inactive in state just prior to T4. 


oa 
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WAVEFORMS (Continued) 


ASYNCHRONOUS SIGNAL RECOGNITION 


TINVCH (see note 1) 


- 


signal 


NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRO- 
NOUS SIGNALS ONLY TO GUARANTEE RECOGNITION 


AT NEXT CLK 


BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY) 


Any CLK aaa Any CLK Cycle -—» 


REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 


—— Any CLK Cycle — ele —— > 0-CLK Cycle —e 


|*—TGVCH 
=| : TCHGX «+ +{TCLGL\= — > TCLG | 
| ‘PULSE 1 PULSE 3 
COPROCESSOR PULSE 2 COPROCESSOR 
= 8086 GT RELEASE 


RQIGT 
RQ 
Previous grant ‘qed 
AD 15-ADo SS 
COPROCESSOR 
(SEE NOTE 1) 


8086 


A1g/S6-Ar6/S3 
52, 51, So 
AD, COCK j 


BHE/S7 


TCLGH = 
TCLCL 


| 


NOTES: 1. THE COPROCESSOR MAY NOT DRIVE THE BUSES OUTSIDE THE REGION 
SHOWN WITHOUT RISKING CONTENTION. 


HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 


jo—— 2 1 CLK CYCLE—} ia 


eee 


~THVCH =—THVCH 


HOLD a x 
f*- TCLHAV 
| 
HLDA 
ss 


— =| |*—TCLAZ 
8086 Y COPROCESSOR 
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Table 2. Instruction Set Summary 


DATA TRANSFER 
MOV = Move: 


Register/memory to/from register 


76543210 
100010dw 


76543210 
mod 
mod 000 r/m 


76543210 76543210 DEC Decrement: 76543210 76543210 
Register /memory 1111111w |mod001 r/m 
01001 reg 


1111011%w ,mod011 r/m 


76543210 76543210 


reg r/m 


Immediate to register/memory Register 


Immediate to register NEG Change sign 


1010000w 
1010001Ww 
10001110 
10001100 


Memory to accumulator addr-low addr-high 


or Gee 


Accumulator to memory addr-low 


0011106 w/{mod reg rim 
100000sw 


Register/memory and register 


Register/memory to segment register mod Oreg r/m 


mod111 41/m data 


Immediate with register/memory 


data ifsw 01 


Segment register to register/memory mod 0 reg r/m 


PUSH = Push: 
Register/memory 
Register 
Segment register 


POP = Pop: 
Register/memory 
Register 
Segment register 


XCHG = Exchange: 
Register/memory with register 


Register with accumulator 


IN=Input from: 
Fixed port 
Variable port 


OUT = Output to: 

Fixed port 

Variable port 
XLAT=Translate byte to AL 
LEA=Load EA to register 
LDS=Load pointer to OS 
LES=Load pointer to ES 
LAHF=Load AH with flags 
SAHF =-Store AH into flags 
PUSHF=Push flags 
POPF=Pop flags 


ARITHMETIC 
ADD = Add: 
Reg./memory with register to either 


=" 
watt 
1 — 


ojj— 


1000011Ww 


1 


TLOTOVT 
10001101 
11000101 
11000100 


10011100 


mod 


mod 


mod 110 r/m 


reg r/m 
mod reg rim 
reg rim 


Immediate with accumulator 
AAS ASCII adjust for subtract 
DAS Decimal adjust for subtract 
MUL Multiply (unsigned) 

IMUL Integer multiply (signed) 
AAM ASCII adjust for multiply 
DIV Divide (unsigned) 

IDIV Integer divide (signed) 

AAD ASCII adjust for divide 
CBW Convert byte to word 

CWO Convert word to double word 


LOGIC 

NOT Invert 

SHL/SAL Shift logical/arithmetic left 
SHR Shift logical right 

SAR Shift arithmetic right 

ROL Rotate left 

ROR Rotate right 

RCL Rotate through carry flag left 
RCR Rotate through carry right 


AND And: 
Reg /memory and register to either 
Immediate to register/memory 


Immediate to accumulator 


0011110Ww 


data 


00101111 
1117011w 
1117011w 
11010100 


mod100 r/m 
mod101 r/m 


[00001010 


111701 1w 
1111017 1w 


10011000 
10011001 


mod110 t/m 
mod111 tim 
00001010 


LTITMOAALY 
110100vw 
110100Vvw 
110100Vvw 
110100vw 


mod010 r/m 
mod100 r/m 
mod101 r/m 
mod111 r/m 
mod000 r/m 


110100Vvw 
110100vw 
110100Vvw 


001000dw 


1000000w|mod100 rm | _ data_—i| 


09010010w 


TEST And function to flags. no result: 


Register/memory and register 
Immediate data and register/memory 
Immediate data and accumulator 


1000010w 


1010100w 


mod0 10 r/m 


mod0 11 = 1/m 


mod reg r/m 


data 


dataifw 1 


dataifw 1 


mod reg r/m 
mod000 r/m 
data 


000000d wi|mod 


100000sw|mosood rim | data | datat'sw 01 | 
doooorow] data | datatwit_| 


reg rim 


Immediate to register/memory 


Immediate to accumulator OR Or: 


ADC = Add with carry: 
Reg./memory with register to either 
Immediate to register/memory 
Immediate to accumulator 


INC = Increment: 
Register/memory 

Register 

AAA=ASCIl adjust for add 
DAA=Decimal adjust for add 


SUB = Subtract: 

Reg./memory and register to either 
Immediate from register/memory 
Immediate from accumulator 


8BB = Subtract with borrow 
Reg./memory and register to either 
Immediate from register/memory 
Immediate from accumulator 


Mnemonics ©intel, 1978 


700100 w|mod reg rim | 


rO0000sw[mos0i0 im | éala | tatavsw Oi) 
Do0To10w] aa] data] 


Fat TTT tw [modo 00 7m 


01000 reg 


00110111 


00100111 


0010104 w|mod reg _/m_| 


rOU000sw [mos Ot vm | dla | deta taw.0i] 
DorOTt Ow] deta | aatatwt | 


D001 10d [nod eg im 


rO0000sw[medd1 tm | éala | saaisw0l] 
D001110w| data_| datatwt | 


Reg /memory and register to either 
Immediate to register/memory 


Immediate to accumulator 


XOR — Exclusive or: 
Reg /memory and register to either 
Immediate to register/memory 


Immediate to accumulator 


STRING MANIPULATION 
REP=Repeat 

MOVS=Move byte/word 
CMPS=Compare byte/word 
SCAS=Scan byte/word 
LODS=Load byte/wd to AL/AX 
STOS=Stor byte/wd from AL/A 
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000010dw 
1000000w 
0000110w 


001100dw 
1000000w 
0011010w 


11110012 
1010010w 
1010011w 


1010110w 
1010101w 


mod reg. or/m 
mod0 01 r/m 


data 


mod 
mod110 r/m 


reg r/m 


dataifw 1 
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Table 2. Instruction Set Summary (Continued) 


CONTROL TRANSFER 
CALL = Call: 


76543210 76543210 76543210 


Direct within segment 1101000] _dispiow | —_disp-high 

Indirect within segment 

Indirect intersegment 

JMP = Unconditional Jump: 

Direct within segment-short 

Indirect within segment 

Direct intersegment [11101010]{  offset-low | _ offset-high 
seg-high 

Indirect intersegment 

RET = Return from CALL: 

Within segment 

Within seg. adding immed to SP data-high 

Intersegment 

Intersegment. adding immediate to SP data-low 


JE/JZ=Jump on equal/zero 
JL/JNGE=Jump on less/not greater 


or equal 

JLE/JNG=Jump on less or equal/not 
greater 

JB/JNAE=Jump on below/not above 


01110100 


or equal 01110010 

ee on below or equal/ 01110110 [disp | 
not above 

JP/JPF. mp on parity/parityeven [01111010] — disp | 


JO- n overflow 01110000] — disp _—i 
J8=!. an sign 01111000] - disp ‘| 
Jk Jump on not equal/not zero 


Jk «- Jump on not less/greater 


or equa 
Jk.E, si=Jump on not less or equal/ 011111191 
greater 


Footn 


AL =®8 ccumulator 


AX =v accumulator 
CX =Ci '. register 
DS=D-  2gment 


ES =Eat) segment 

Abov. /b:. «w refers to unsigned value. 

Greate: - r.ore positive; 

Less = less positive (more negative) signed values 

if d = 1 then “to” reg; if d = 0 then “from” reg 

if w = 1 then word instruction; if w = 0 then byte instruction 


if mod = 11 then r/m is treated as a REG field 

if mod = 00 then DISP = 0°, disp-low and disp-high are absent 
if mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent 
if mod = 10 then DISP = disp-high: disp-low 

if r/m = 000 then EA = (BX) + (SI) + DISP 

if r/m = 001 then EA = (BX) + (DI) + DISP 

if r/m = 010 then EA = (BP) + (SI) + DISP 

if r/m = 011 then EA = (BP) + (DI) + DISP 

if r/m = 100 then EA = (SI) + DISP 

if r/m = 101 then EA = (Dl) + DISP 

if r/m = 110 then EA = (BP) + DISP* 

if r/m = 111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if required) 


“except if mod = 00 and r/m = 110 then EA = disp-high: disp-low. 


Mnemonics© Intel, 1978 


76543210 76543210 
JNB/JAE=Jump on not below/above 
or equal 
JNBE/JA=Jump on not below or 


CEEEEEREO disp 
equal/above 

JNP/JPO=Jump on not par/par odd fo1t11011] disp _| 
JNO=Jump on not overflow 01110001 | disp 
JNS-Jump on not sign 01111001 disp 


LOOP Loop CX times | 11100010 disp 

LOOPZ/LOOPE-Loop while zero/equal [11100001] — disp | 

LOOPNZ/LOOPNE-Loop while not 11100000] disp | 
zero/equal 11100000 

JeX2-Jump on GX zero Poro00T | as 

INT Interrupt 

Type specified type 

Type 3 11001100 


INTO=Interrupt on overflow 


IRET -Interrupt return CLOO L115 


PROCESSOR CONTROL 
CLC Clear carry 11111000 
11Ut19 1.014 


T11777001 


CMC Complement carry 
STC Set carry 
CLO Clear direction 


STD Set direction 11111101 


= i 


CLI Clear interrupt 11111010 
STI Set interrupt 110000749 
HLT Halt eh 110-400 
WAIT Wait 10011011 
ESC Escape (to external device) 11011%x*xxImodx x x t/m 
LOCK Bus lock prefix [1111000 0 


if s:w=01 then 16 bits of immediate data form the operand. 
if s:;w=11 then an immediate data byte is sign extended to 


form the 16-bit operand. 


if v=0 then ‘‘count'’ =1; if v=1 then ‘‘count’’ in (CL) 


x = don't care 


z is used for string primitives for comparison with Z.F FLAG. 


SEGMENT OVERRIDE PREFIX 
001+reg 110 


REG is assigned according to the following table: 


16-Bit (w = 1) S-Bit (w = 0) Segment 
000 AX 000 AL 00 ES 
001 CX 001 CL 01 CS 
010 DX 010 DL 10 SS 
011 BX 011 BL 11 DS 
100 SP 100 AH 

101 BP 101 CH 

110 SI 110 OH 

111 Dl 111 BH 


Instructions which reference the flag register file as a 16-bit object use 


the symbol FLAGS to represent the file: 


FLAGS = X:X:X:X:(OF):(DF):(1F):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 


7-24 


AFN-01497B 


intel 


PRELIMINARY 


iAPX 88/10 
(8088) 
8-BIT HMOS MICROPROCESSOR 


= 8-Bit Data Bus Interface 
= 16-Bit Internal Architecture 


uw Direct Addressing Capability to 1 Mbyte 
of Memory 


= Direct Software Compatibility with 
iAPX 86/10 (8086 CPU) 


= 14-Word by 16-Bit Register Set with 
Symmetrical Operations 


= 24 Operand Addressing Modes 


= Byte, Word, and Block Operations 


= 8-Bit and 16-Bit Signed and Unsigned 
Arithmetic in Binary or Decimal, 
Including Multiply and Divide 


= Compatible with 8155-2, 8755A-2 and 
8185-2 Multiplexed Peripherals 


The Intel® iAPX 88/10 is a new generation, high performance microprocessor implemented in N-channel, depletion load, 
silicon gate technology (HMOS), and packaged in a 40-pin CerDIP package. The processor has attributes of both 8- and 
16-bit microprocessors. It is directly compatible with iAPX 86/10 software and 8080/8085 hardware and peripherals. 


MEMORY INTERFACE 


INSTRUCTION 
STREAM BYTE 
QUEUE 


BUS 
INTERFACE 
UNIT 
EXECUTION UNIT 


CONTROL 
SYSTEM 


ARITHMETIC/ 
LOGIC UNIT 


EXECUTION 
UNIT 


Figure 1. iAPX 88/10 CPU Functional Block Diagram 
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MIN al 
MODE MODE 
GND Vcc 
A14 Ai5 
A13 A16/S3 
A12 A17/S4 
Al1 A18/S5 
A10 A19/S6 
rX:) SSO (HIGH) 
A8 MN/MX 
AD7 RD 
AD6 HOLD (RQ/GTO) 
AD5 HLDA (RQ/GT1) 
AD4 WR (LOCK) 
AD3 10/M (S2) 
AD2 DT/R (S1) 
AD1 DEN (SO) 


(QS0) 
(QS1) 


Figure 2. iAPX 88/10 Pin Configuration 
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Table 1. Pin Description 


The following pin function descriptions are for 8088 systems in either minimum or maximum mode. The “local bus”’ in 
these descriptions is the direct multiplexed bus interface connection to the 8088 (without regard to additional bus 
buffers). 


| _Symbol__| Pin No. | Type Name and Function 


Address Data Bus: These lines constitute the time multiplexed memory/lO 
address (T1) and data (T2, T3, Tw, and T4) bus. These lines are active HIGH and 
float to 3-state OFF during interrupt acknowledge and local bus “‘hold acknowl- 
edge”’. 


Address Bus: These lines provide address bits 8 through 15 for the entire bus 
cycle (T1-T4). These lines do not have to be latched by ALE to remain valid. 
A15-A8 are active HIGH and float to 3-state OFF during interrupt acknowledge 
and local bus “hold acknowledge”’. 


Address/Status: During T1, these are the four 
most significant address lines for memory op- 
erations. During I/O operations, these lines are 
LOW. During memory and I/O operations, status 
information is available on these lines during 
T2, T3, Tw, and T4. S6 is always low. The status of 
the interrupt enable flag bit (S5) is updated at 
the beginning of each clock cycle. S4 and S3 are 
encoded as shown. 


A19/S6, A18/S5, 
A17/S4, A16/S3 


| sa__| $3._| CHARACTERISTICS 


0 (LOW) Alternate Data 
0 Stack 

Code or None 
Data 


1 (HIGH) 
1 


S6 is 0 (LOW) 


This information indicates which segment reg- 
ister is presently being used for data accessing. 


These lines float to 3-state OFF during local bus 
“hold acknowledge’”’. 


Read: Read strobe indicates that the processor is performing a memory or |/O 
read cycle, depending on the state of the 1O/M pin or S2. This signal is used to 
read devices which reside on the 8088 local bus. RD is active LOW during T2, T3 
and Tw of any read cycle, and is guaranteed to remain HIGH in T2 until the 8088 
local bus has floated. 


This signal floats to 3-state OFF in “hold acknowledge”. 


READY: isthe acknowledgement from the addressed memory or I/O device that 
it will complete the data transfer. The RDY signal from memory or I/O is syn- 
chronized by the 8284 clock generator to form READY. This signal is active 
HIGH. The 8088 READY input is not synchronized. Correct operation is not 
guaranteed if the set up and hold times are not met. 


Interrupt Request: is a level triggered input which is sampled during the last 
clock cycle of each instruction to determine if the processor should enter into an 
interrupt acknowledge operation. A subroutine is vectored to via an interrupt 
vector lookup table located in system memory. It can be internally masked by 
software resetting the interrupt enable bit. NTR is internally synchronized. This 
signal is active HIGH. 


TEST: input is examined by the “wait for test” instruction. If the TEST input is 
LOW, execution continues, otherwise the processor waits in an “‘idle’’ state. This 
input is synchronized internally during each clock cycle on the leading edge of 
CLK. 


Non-Maskable Interrupt: is an edge triggered input which causes a type 2 
interrupt. Asubroutine is vectored to via an interrupt vector lookup table located 
in system memory. NMI is not maskable internally by software. A transition from 
a LOW to HIGH initiates the interrupt at the end of the current instruction. This 
input is internally synchronized. 
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Table 1. Pin Description (Continued) 


Name and Function 


RESET: causes the processor to immediately terminate its present activity. The 
signal must be active HIGH for at least four clock cycles. It restarts execution, as 
described in the instruction set description, when RESET returns LOW. RESET 
is internally synchronized. 


Clock: provides the basic timing for the processor and bus controller. It is 
asymmetric with a 33% duty cycle to provide optimized internal timing. 


‘Voc: is the +5V +10% power supply pin. 


(GND: are the ground pins. 


!Minimum/Maximum: indicates what mode the processor is to operate in. The 
two modes are discussed in the following sections. 


The following pin function descriptions ai’e for the 8088 minimum mode (i.e., MN/MX = Vcc). Only the pin functions which 
are unique to minimum mode are described; all other pin functions are as described above. 


Status Line: is an inverted maximum mode S82. It is used to distinguish a 
miemory access from an I/O access. |O/M becomes valid in the T4 preceding a 
bius cycle and remains valid until the final T4 of the cycle (l/O=HIGH, M=LOW). 
IC)/M floats to 3-state OFF in local bus ‘“‘hold acknowledge’”’. 


Write: strobe indicates that the processor is performing awrite memory or write 
I/C) cycle, depending on the state of the 1O/M signal. WR is active for T2, T3, and 
Tw of any write cycle. It is active LOW, and floats to 3-state OFF in local bus “hold 
ac knowledge”’. 


IN'TA: is used as a read strobe for interrupt acknowledge cycles. It is active LOW 
during T2, T3, and Tw of each interrupt acknowledge cycle. 


Ad dress Latch Enable: is provided by the processor to latch the address into 
the: 8282/8283 address latch. It is a HIGH pulse active during clock low of T1 of 
any bus cycle. Note that ALE is never floated. 


Daita Transmit/Receive: is needed in a minimum system that desires to use an 
828'6/8287 data bus transceiver. It is used to control the direction of data flow 
through the transceiver. Logically, DT/R is equivalent to Si in the maximum 
movie, and its timing is the same as for 1O/M (T=HIGH, R=LOW). This signal 
floats to 3-state OFF in local “hold acknowledge”. 


Datia Enable: is provided as an output enable for the 8286/8287 in a minimum 
systiem which uses the transceiver. DEN is active LOW during each memory and 
\/O eaccess, and for INTA cycles. For a read or INTA cycle, it is active from the 
midcile of T2 until the middle of T4, while for a write cycle, it is active from the 
begi nning of T2 until the middle of T4. DEN floats to 3-state OFF during local bus 
“hold acknowledge”. 


HOLID: indicates that another master is requesting a local bus ‘“‘hold’’. To be 
ackniowledged, HOLD must be active HIGH. The processor receiving the ‘“‘hold”’ 
reque2st will issue HLDA (HIGH) as an acknowledgement, in the middle of aT4 or 
TI clo ck cycle. Simultaneous with the issuance of HLDA the processor will float 
the Iacal bus and control lines. After HOLD is detected as being LOW, the 
proce:ssor lowers HLDA, and when the processor needs to run another cycle, it 
will acjain drive the local bus and control lines. 


Hold is not an asynchronous input. External synchronization should be 
providied if the system cannot otherwise guarantee the set up time. 


Status’ line: is logically equivalent to SO inthe [som | ova! s50| characteristics _| 


maxim um mode. The combination of SSO, |O/M HIGH © | Interrupt Acknowledge 


Read 1/O port 


— 0 
and D1/R allows the system to completely de- -— 
code thie current bus cycle status. ai coe one 


0 Write memory 
0 Passive 
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Table 1. Pin Description (Continued) 


The following pin function descriptions are for the 8088, 8228 system in maximum node (i.e., MN/MX=GND.) Only the pin 
functions which are unique to maximum mode are described; all other pin funcitions are as described above. 


Name and Furriction 


Status: is active during clock high of T4, 11, 
and T2, and is returned to the passive stiate 
(1,1,1) during T3 or during Tw when READ‘Y’ is 
HIGH. This status is used by the 8288 bus cion- 
troller to generate all memory and I/O acciess 
control signals. Any change by S2, S1, or SO 


CHARACTERISTICS 


g| 


So 
during T4 is used to indicate the beginning ofa (Lom | 9 | 0 | Interupt Acknowledge 
bus cycle, and the return to the passive state in ° 1 | 9 | iteto pon 
T3 or Tw is used to indicate the end of a bus ee ee 
cycle. : : : | mierened 


These signals float to 3-state OFF during “hold 
acknowledge’”’. During the first clock cycle «after 
RESET becomes active, these signals are active 
HIGH. After this first clock, they float to 3-sstate 
OFF. 


Request/Grant: pins are used by other locaal bus masters to force the processor 
to release the local bus at the end of the pr«cessor’s current bus cycle. Each pin 
is bidirectional with RQ/GTO having higher priority than RQ/GT1. RQ/GT has an 
internal pull-up resistor, so may be left !inconnected. The request/grant se- 
quence is as follows (See Figure 8): 


/O 


1. Apulse of one CLK wide from another local bus master indicates a local bus 
request (‘‘hold’’) to the 8088 (pulse 1). 


N 


During a T4 or TI clock cycle, a pulse one clock wide from the 8088 to the 
requesting master (pulse 2), indicates that the 8088 has allowed the local bus 
to float and that it will enter the ‘“‘hold acknowledge” state at the next CLK. 
The CPU’s bus interface unit is disccynnected logically from the local bus 
during ‘“‘hold acknowledge’. The same: rules as for HOLD/HOLDA apply as for 
when the bus is released. 


2 


A pulse one CLK wide from the requesting master indicates to the 8088 (pulse 
3) that the ‘‘hold”’ request is about to end and that the 8088 can reclaim the 
local bus at the next CLK. The CPU tlhen enters T4. 


Each master-master exchange of the local bus is a sequence of three pulses. 
There must be one idle CLK cycle after each bus exchange. Pulses are active 
LOW. 


If the request is made while the CPU is pe:rforming amemory cycle, it will release 
the local bus during T4 of the cycle when all the following conditions are met: 


1. Request occurs on or before T2. 

2. Current cycle is not the low bit of a word. 

3. Current cycle is not the first acknowledge of an interrupt acknowledge 
sequence. 

4. A locked instruction is not currently executing. 


If the local bus is idle when the requesst is made the two possible events will 
follow: 


1. Local bus will be released during the next clock. 
2. Amemory cycle will start within 3 clocks. Now the four rules for a currently 
active memory cycle apply with condition number 1 already satisfied. 
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Table 1. Pin Description (Continued) 


LOCK LOCK: indicates that other system bus masters are not to gain control of the 
system bus while LOCK is active (LOW). The LOCK signal is activated by the 
QS1, QS0 
The queue status is valid during the CLK cycle 
after which the queue operation is performed. 


‘“‘LOCK”’ prefix instruction and remains active until the completion of the next 
f— | 3 | o | Pin 34 is always high in the maximum mode. 


instruction. This signal is active LOW, and floats to 3-state off in ‘“‘hold acknowl- 
edge”. 


Queue Status: provide status to allow external 
tracking of the internal 8088 instruction queue. 


| asi | aso| CHARACTERISTICS 


0 (LOW) 0 No operation 

1 First byte of opcode from queue 
1 (HIGH) 0 Empty the queue 
1 1 Subsequent byte from queue 
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FUNCTIONAL DESCRIPTION 


Memory Organization 


The processor provides a 20-bit address to memory which 
locates the byte being referenced. The memory is orga- 
nized as a linear array of up to 1 million bytes, addressed 
as 00000(H) to FFFFF(H). The memory is logically divided 
into code, data, extra data, and stack segments of up to 
64K bytes each, with each segment falling on 16-byte 
boundaries. (See Figure 3.) 


All memory references are made relative to base 
addresses contained in high speed segment registers. The 
segment types were chosen based on the addressing 
needs of programs. The segment register to be selected is 
automatically chosen according to the rules of the follow- 
ing table. All information in one segment type share the 
same logical attributes (e.g. code or data). By structuring 
memory into relocatable areas of similar characteristics 
and by automatically selecting segment registers, pro- 
grams are shorter, faster, and more structured. 


Word (16-bit) operands can be located on even or odd ad- 
dress boundaries. For address and data operands, the 
least significant byte of the word is stored in the lower 
valued address location and the most significant byte in 


7 0 
[——T, FFFFFH 


| CODE SEGMENT 


XXXXOH 


| STACK SEGMENT 
+ OFFSET | 


worn | MSB_ | 
\[("UsB_] ; DATA SEGMENT 
BYTE | 
fi | 


SEGMENT 
REGISTER FILE 


ia DATA SEGMENT 


Figure 3. Memory Organization 


Memory Segment Register Segment 
Reference Need Used Selection Rule 


CODE (CS) Automatic with all instruction prefetch. 


Stack STACK (SS) All stack pushes and pops. Memory references relative to BP 
base register except data references. 


Data references when: relative to stack, destination of string 


operation, or explicitly overridden. 


External (Global) Data EXTRA (ES) Destination of string operations: Explicitly selected using a 
segment override. 


7-30 


the next higher address location. The BIU will auto- 
matically execute two fetch or write cycles for 16-bit 
operands. 


Certain locations in memory are reserved for specific 
CPU operations. (See Figure 4.) Locations from ad- 
dresses FFFFOH through FFFFFH are reserved for 
operations including a jump to the initial system initial- 
ization routine. Following RESET, the CPU will always 
begin execution at location FFFFOH where the jump 
must be located. Locations OOOOOH through OO3FFH are 
reserved for interrupt operations. Four-byte pointers 
consisting of a 16-bit segment address and a 16-bit off- 
set address direct program flow to one of the 256 possi- 
ble interrupt service routines. The pointer elements are 
assumed to have been stored at their respective places 
in reserved memory prior to the occurrence of inter- 
rupts. 


Minimum and Maximum Modes 


The requirements for supporting minimum and maxi- 
mum 8088 systems are sufficiently different that they 
cannot be done efficiently with 40 uniquely defined 
pins. Consequently, the 8088 is equipped with a strap 
pin (MN/MX) which defines the system configuration. 
The definition of a certain subset of the pins changes, 
dependent on the condition of the strap pin. When the 
MN/MxX pin is strapped to GND, the 8088 defines pins 24 
through 31 and 34 in maximum mode. When the MN/MX 
pin is strapped to Vcc, the 8088 generates bus control 
signals itself on pins 24 through 31 and 34. 


FFFFFH 
RESET BOOTSTRAP 
PROGRAM JUMP 
FFFFOH 


INTERRUPT POINTER 
FOR TYPE 255 


INTERRUPT POINTER 
FOR TYPE 1 


INTERRUPT POINTER 
FOR TYPE 0 


Figure 4. Reserved Memory Locations 
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The minimum mode 8088 can be used with either a 
multiplexed or demultiplexed bus. The multiplexed bus 
configuration is compatible with the MCS-85™ multi- 
plexed bus peripherals (8155, 8156, 8355, 8755A, and 
8185). This configuration (See Figure 5) provides the user 
with a minimum chip count system. This architecture 
provides the 8088 processing power in a highly integrated 
form. 


The demultiplexed mode requires one latch (for 64K ad- 
dressability) or two latches (for a full megabyte of ad- 
dressing). A third latch can be used for buffering if the 
address bus loading requires it. An 8286 or 8287 trans- 
ceiver can also be used if data bus buffering is required. 
(See Figure 6.) The 8088 provides DEN and DTIR to con- 
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trol the transceiver, and ALE to latch the addresses. 
This configuration of the minimum mode provides the 
standard demultiplexed bus structure with heavy bus 
buffering and relaxed bus timing requirements. 


The maximum mode employs the 8288 bus controller. 
(See Figure 7.) The 8288 decodes status lines SO, S1, 
and S2, and provides the system with all bus control 
signals. Moving the bus control to the 8288 provides 
better source and sink current capability to the control 
lines, and frees the 8088 pins for extended large system 
features. Hardware lock, queue status, and two request/ 
grant interfaces are provided by the 8088 in maximum 
mode. These features allow co-processors in local bus 
and remote bus configurations. 
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ADDR 
ADDR/DATA 
Vec 


810 
8355/8755A 


Figure 5. Multiplexed Bus Configuration 
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OE 
8282 


LATCH 
ADDRIDATA (4, 2 OR 3) ADDRESS 


a 


Dl 
8286 


TRANSCEIVER 


WE OD 


2142 RAM (2) 2716-2 PROM 
PERIPHERAL 
8259A 
INTERRUPT 
CONTROL 


INT 


Figure 6. Demultiplexed Bus Configuration 


GND 


LATCH . 
ADDRIDA (1,2 OR 3) ADDRESS 


OE 
8286 
TRANSCEIVER 


' 
cs RD WR 


2716-2 PROM MCS-80 
PERIPHERAL 


8259A 
INTERRUPT 
CONTROL 


Figure 7. Fully Buffered System Using Bus Controller 
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Bus Operation 


The 8088 address/data bus is broken into three parts — 
the lower eight address/data bits (ADO-AD7), the middle 
eight address bits (A8-A15), and the upper four address 
bits (A16-A19). The address/data bits and the highest 
four address bits are time multiplexed. This technique 
provides the most efficient use of pins on the proc- 
essor, permitting the use of a standard 40 lead package. 
The middle eight address bits are not multiplexed, i.e. 
they remain valid throughout each bus cycle. In addi- 
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tion, the bus can be demultiplexed at the processor with 
a single address latch if a standard, non-multiplexed 
bus is desired for the system. 


Each processor bus cycle consists of at least four CLK 
cycles. These are referred to as T1, T2, T3, and T4. (See 
Figure 8). The address is emitted from the processor 
during T1 and data transfer occurs on the bus during T3 
and T4. T2 is used primarily for changing the direction of 
the bus during read operations. In the event that a “NOT 
READY” indication is given by the addressed device, 


(4+ Nwait)=Tcy ——_$_$__—_______—_——- (4+ Nwait) = Tcy 
1 | T2 | T3 | Twalt | T4 1 | T2 | T3 


ADDR/STATUS 


GOES INACTIVE IN THE STATE 
JUST PRIOR TO Ty 


ee 


\ 


___I 
XOX 


ee — 
Ais-Ag Ais-Aa 


ADDRIDATA 


Figure 8. Basic System Timing 
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“wait” states (Tw) are inserted between T3 and T4. Each 
inserted “wait” state is of the same duration as a CLK 
cycle. Periods can occur between 8088 driven bus 
cycles. These are referred to as ‘‘idle”’ states (Ti), or inac- 
tive CLK cycles. The processor uses these cycles for in- 
ternal housekeeping. 


During T1 of any bus cycle, the ALE (address latch 
enable) signal is emitted (by either the processor or the 
8288 bus controller, depending on the MN/MX strap). At 
the trailing edge of this pulse, a valid address and cer- 
tain status information for the cycle may be latched. 


Status bits SO, S1, and S2 are used by the bus controller, 
in maximum mode, to identify the type of bus transac- 
tion according to the following table: 


Interrupt Acknowledge 
Read I/O 

Write I/O 

Halt 

Instruction fetch 

Read data from memory 
Write data to memory 
Passive (no bus cycle) 


Status bits S3 through S6 are multiplexed with high 
order address bits and are therefore valid during T2 
through T4, S3 and S4 indicate which segment register 
was used for this bus cycle in forming the address ac- 
cording to the following table: 


mr CHARACTERISTICS 


0 (Low) 


Alternate data (Extra Segment) 
0 Stack 

1 (High) Code or none 

1 Data 


S5 is a reflection of the PSW interrupt enable bit. S6 is 
always equal to 0. 


I/O Addressing 


In the 8088, I/O operations can address up to a maxi- 
mum of 64K I/O registers. The |/O address appears in the 
same format as the memory address on bus lines 
A15-A0. The address lines A19-A16 are zero in I/O 
operations. The variable I/O instructions, which use 
register DX as a pointer, have full address capability, 
while the direct I/O instructions directly address one or 
two of the 256 I/O byte locations in page 0 of the I/O ad- 
dress space. I/O ports are addressed in the same man- 
ner aS memory locations. 


Designers familiar with the 8085 or upgrading an 8085 
design should note that the 8085 addresses 1/O with an 
8-bit address on both halves of the 16-bit address bus. 
The 8088 uses a full 16-bit address on its lower 16 ad- 
dress lines. 
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Processor Reset and Initialization 


Processor initialization or start up is accomplished with 
activation (HIGH) of the RESET pin. The 8088 RESET is 
required to be HIGH for greater than four clock cycles. 
The 8088 will terminate operations on the high-going 
edge of RESET and will remain dormant as long as 
RESET is HIGH. The low-going transition of RESET trig- 
gers an internal reset sequence for approximately 7 
clock cycles. After this interval the 8088 operates nor- 
mally, beginning with the instruction in absolute loca- 
tion FFFFOH. (See Figure 4.) The RESET input is inter- 
nally synchronized to the processor clock. At initializa- 
tion, the HIGH to LOW transition of RESET must occur 
no sooner than 50 us after power up, to allow complete 
initialization of the 8088. 


lf INTR is asserted sooner than nine clock cycles after 
the end of RESET, the processor may execute one in- 
struction before responding to the interrupt. 


All 3-state outputs float to 3-state OFF during RESET. 
Status is active in the idle state for the first clock after 
RESET becomes active and then floats to 3-state OFF. 


Interrupt Operations 


Interrupt operations fall into two classes; software or 
hardware initiated. The software initiated interrupts and 
software aspects of hardware interrupts are specified in 
the instruction set description in the 8086 Family User’s 
Manual. Hardware interrupts can be classified as non- 
maskable or maskable. 


Interrupts result in a transfer of control to a new pro- 
gram location. A 256 element table containing address 
pointers to the interrupt service program locations 
resides in absolute locations 0 through 3FFH (see Fig- 
ure 4), which are reserved for this purpose. Each ele- 
ment in the table is 4 bytes in size and corresponds to 
an interrupt “type”. An interrupting device supplies an 
8-bit type number, during the interrupt acknowledge se- 
quence, which is used to vector through the appropriate 
element to the new interrupt service program location. 


Non-Maskable Interrupt (NMI) 


The processor provides a single non-maskable interrupt 
(NMI) pin which has higher priority than the maskable in- 
terrupt request (INTR) pin. A typical use would be to acti- 
vate a power failure routine. The NMI is edge-triggered 
on a LOW to HIGH transition. The activation of this pin 
causes a type 2 interrupt. 


NMI is required to have a duration in the HIGH state of 
greater than two clock cycles, but is not required to be 
synchronized to the clock. Any higher going transition 
of NMI is latched on-chip and will be serviced at the end 
of the current instruction or between whole moves (2 
bytes in the case of word moves) of a block type instruc- 
tion. Worst case response to NMI would be for multiply, 
divide, and variable shift instructions. There is no 
specification on the occurrence of the low-going edge; it 
may occur before, during, or after the servicing of NMI. 
Another high-going edge triggers another response if it 
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occurs after the start of the NMI procedure. The signal 
must be free of logical spikes in general and be free of 
bounces on the low-going edge to avoid triggering ex- 
traneous responses. 


Maskable Interrupt (INTR) 


The 8088 provides a single interrupt request input (INTR) 
which can be masked internally by software with the 
resetting of the interrupt enable (IF) flag bit. The in- 
terrupt request signal is level triggered. It is internally 
synchronized during each clock cycle on the high-going 
edge of CLK. To be responded to, INTR must be present 
(HIGH) during the clock period preceding the end of the 
Current instruction or the end of a whole move for a 
block type instruction. During interrupt response se- 
quence, further interrupts are disabled. The enable bit is 
reset as part of the response to any interrupt (INTR, 
NMI, software interrupt, or single step), although the 
FLAGS register which is automatically pushed onto the 
stack reflects the state of the processor prior to the in- 
terrupt. Until the old FLAGS register is restored, the 
enable bit will be zero unless specifically set by an in- 
struction. 


During the response sequence (See Figure 9), the proc- 
essor executes two successive (back to back) interrupt 
acknowledge cycles. The 8088 emits the LOCK signal 
(maximum mode only) from T2 of the first bus cycle until 
T2 of the second. A local bus “hold” request will not be 
honored until the end of the second bus cycle. In the 
second bus cycle, a byte is fetched from the external in- 
terrupt system (e.g., 8259A PIC) which identifies the 
source (type) of the interrupt. This byte is multiplied by 
four and used as a pointer into the interrupt vector 
lookup table. An INTR signal left HIGH will be continual- 
ly responded to within the limitations of the enable bit 
and sample period. The interrupt return instruction in- 
cludes a flags pop which returns the status of the 
Original interrupt enable bit when it restores the flags. 


HALT 


When a software HALT instruction is executed, the 
processor indicates that it is entering the HALT state in 
one of two ways, depending upon which mode is 
strapped. In minimum mode, the processor issues ALE, 
delayed by one clock cycle, to allow the system to latch 
the halt status. Halt status is available on IO/M, DTIR, 
and SSO. In maximum mode, the processor issues ap- 
propriate HALT status on S2, S1, and SO, and the 8288 
bus controller issues one ALE. The 8088 will not leave 
the HALT state when a local bus hold is entered while in 
HALT. In this case, the processor reissues the HALT in- 
dicator at the end of the local bus hold. An interrupt re- 
quest or RESET will force the 8088 out of the HALT 
state. 


Read/Modify/Write (Semaphore) Operations 
via LOCK 


The LOCK status information is provided by the proc- 
essor when consecutive bus cycles are required during 
the execution of an instruction. This allows the proc- 
essor to perform read/modify/write operations on 
memory (via the “exchange register with memory” 
instruction), without another system bus master receiv- 
ing intervening memory cycles. This is useful in multi- 
processor system configurations to accomplish “test 
and set lock” operations. The signal is activated 
(LOW) in the clock cycle following decoding of the 
LOCK prefix instruction. It is deactivated at the end of 
the last bus cycle of the instruction following the LOCK 
prefix. While LOCK is active, a request on a ROQ/GT pin will 
be recorded, and then honored at the end of the LOCK. 


External Synchronization via TEST 


As an alternative to interrupts, the 8088 provides a 
single software-testable input pin (TEST). This input is 
utilized by executing a WAIT instruction. The single 


TYPE VECTOR 


Figure 9. Interrupt Acknowledge Sequence 
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WAIT instruction is repeatedly executed until the TEST 
input goes active (LOW). The execution of WAIT does 
not consume bus cycles once the queue is full. 


If a local bus request occurs during WAIT execution, the 
8088 3-states all output drivers. If interrupts are enabled, 
the 8088 will recognize interrupts and process them. 
The WAIT instruction is then refetched, and reexecuted. 


Basic System Timing 


In minimum mode, the MN/MX pin is strapped to Voc 
and the processor emits bus control signals compatible 
with the 8085 bus structure. In maximum mode, the 
MN/MX pin is strapped to GND and the processor emits 
coded status information which the 8288 bus controller 
uses to generate MULTIBUS compatible bus control 
signals. 


System Timing — Minimum System 
(See Figure 8.) 


The read cycle begins in T1 with the assertion of the ad- 
dress latch enable (ALE) signal. The trailing (low going) 
edge of this signal is used to latch the address informa- 
tion, which is valid on the address/data bus (ADO-AD7) 
at this time, into the 8282/8283 latch. Address lines A8 
through A15 do not need to be latched because they re- 
main valid throughout the bus cycle. From T1 to T4 the 
|O/M signal indicates a memory or I/O operation. At T2 
the address is removed from the address/data bus and 
the bus goes to a high impedance state. The read con- 
trol signal is also asserted at T2. The read (RD) signal 
causes the addressed device to enable its data bus 
drivers to the local bus. Some time later, valid data will 
be available on the bus and the addressed device will 
drive the READY line HIGH. When the processor returns 
the read signal to a HIGH level, the addressed device 
will again 3-state its bus drivers. If a transceiver 
(8286/8287) is required to buffer the 8088 local bus, 
signals DT/R and DEN are provided by the 8088. 


A write cycle also begins with the assertion of ALE and 
the emission of the address. The IO/M signal is again 
asserted to indicate a memory or I/O write operation. In 
T2, immediately following the address emission, the 
processor emits the data to be written into the ad- 
dressed location. This data remains valid until at least 
the middle of T4. During T2, T3, and Tw, the processor 
asserts the write control signal. The write (WR) signal 
becomes active at the beginning of T2, as opposed to 
the read, which is delayed somewhat into T2 to provide 
time for the bus to float. 


The basic difference between the interrupt acknowl- 
edge cycle and a read cycle is that the interrupt 
acknowledge (INTA) signal is asserted in place of the 
read (RD) signal and the address bus is floated. (See 
Figure 9.) In the second of two successive INTA cycles, 
a byte of information is read from the data bus, as sup- 
plied by the interrupt system logic (i.e. 8259A priority in- 
terrupt controller). This byte identifies the source (type) 
of the interrupt. It is multiplied by four and used as a 
pointer into the interrupt vector lookup table, as de- 
scribed earlier. 
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Bus Timing — Medium Complexity Systems 
(See Figure 10.) 


For medium complexity systems, the MN/MxX pin is con- 
nected to GND and the 8288 bus controller is added to 
the system, as well as an 8282/8283 latch for latching 
the system address, and an 8286/8287 transceiver to 
allow for bus loading greater than the 8088 is capable of 
handling. Signals ALE, DEN, and DT/R are generated by 
the 8288 instead of the processor in this configuration, 
although their timing remains relatively the same. The 
8088 status outputs (S2, S1, and SO) provide type of 
cycle information and become 8288 inputs. This bus 
cycle information specifies read (code, data, or I/O), 
write (data or I/O), interrupt acknowledge, or software 
halt. The 8288 thus issues control signals specifying 
memory read or write, I/O read or write, or interrupt 
acknowledge. The 8288 provides two types of write 
strobes, normal and advanced, to be applied as required. 
The normal write strobes have data valid at the leading 
edge of write. The advanced write strobes have the 
same timing as read strobes, and hence, data is not 
valid at the leading edge of write. The 8286/8287 trans- 
ceiver receives the usual T and OE inputs from the 
8288's DT/R and DEN outputs. 


The pointer into the interrupt vector table, which is 
passed during the second INTA cycle, can derive from 
an 8259A located on either the local bus or the system 
bus. If the master 8289A priority interrupt controller is 
positioned on the local bus, a TTL gate is required to 
disable the 8286/8287 transceiver when reading from the 
master 8259A during the interrupt acknowledge se- 
quence and software “poll”. 


The 8088 Compared to the 8086 


The 8088 CPU is an 8-bit processor designed around the 
8086 internal structure. Most internal functions of the 
8088 are identical to the equivalent 8086 functions. The 
8088 handles the external bus the same way the 8086 
does with the distinction of handling only 8 bits at a 
time. Sixteen-bit operands are fetched or written in two 
consecutive bus cycles. Both processors will appear 
identical to the software engineer, with the exception of 
execution time. The internal register structure is iden- 
tical and all instructions have the same end result. The 
differences between the 8088 and 8086 are outlined 
below. The engineer who is unfamiliar with the 8086 is 
referred to the 8086 Family User’s Manual, Chapters 2 
and 4, for function description and instruction set 
information. 


Internally, there are three differences between the 8088 
and the 8086. All changes are related to the 8-bit bus in- 
terface. 


e The queue length is 4 bytes in the 8088, whereas the 
8086 queue contains 6 bytes, or three words. The 
queue was shortened to prevent overuse of the bus by 
the BIU when prefetching instructions. This was re- 
quired because of the additional time necessary to 
fetch instructions 8 bits at a time. 
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¢ To further optimize the queue, the prefetching algo- 
rithm was changed. The 8088 BIU will fetch a new in- 
struction to load into the queue each time there is a 1 
byte hole (space available) in the queue. The 8086 
waits until a 2-byte space is available. 


e The internal execution time of the instruction set is 
affected by the 8-bit interface. All 16-bit fetches and 
writes from/to memory take an additional four clock 
cycles. The CPU is also limited by the speed of in- 
struction fetches. This latter problem only occurs 
when a series of simple operations occur. When the 
more sophisticated instructions of the 8088 are being 
used, the queue has time to fill and the execution pro- 
ceeds as fast as the execution unit will allow. 


The 8088 and 8086 are completely software compatible 
by virture of their identical execution units. Software 
that is system dependent may not be completely trans- 
ferable, but software that is not system dependent will 
Operate equally as well on an 8088 or an 8086. 
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The hardware interface of the 8088 contains the major 
differences between the two CPUs. The pin assign- 
ments are nearly identical, however, with the following 
functional changes: 


A8-A15 — These pins are only address outputs on the 
8088. These address lines are latched internally and 
remain valid throughout a bus cycle in a manner 
similar to the 8085 upper address lines. 


BHE has no meaning on the 8088 and has been elimi- 
nated. 


SSO provides the SO status information in the mini- 
mum mode. This output occurs on pin 34 in minimum 
mode only. DT/R, 1O/M, and SSO provide the complete 
bus status in minimum mode. 


|O/M has been inverted to be compatible with the 
MCS-85 bus structure. 


ALE is delayed by one clock cycle in the minimum 
mode when entering HALT, to allow the status to be 
latched with ALE. 
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A19/S6 — A16/S3 


RDY 8284 


READY 8088 


AD7 - ADO A7- AO DATAIN | 


Figure 10. Medium Complexity System Timing 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under ‘‘Absolute 


Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Ambient Temperature Under Bias......... 0°C to 70°C tion of the device at these or any other conditions above 
Storage Temperature............. — 65°C to + 150°C those indicated in the operational sections of this specifi- 
Voltage on Any Pin with cation is not implied. Exposure to absolute maximum 

Respect to Ground..i.i-seeslenacawes = 1.0 to + 7¥ rating conditions for extended periods may affect device 
Power Dissipation... ..0s.siccceavvaravenvss 2.5 Watt reliability. 


D.C. CHARACTERISTICS (Tg = 0°C to 70°C, Voc = 5V +10%) 


[Symbot [Parameter] Min. ]—Max 
[Vw [input High Vottage «| 20 | Vecvos | Vv | 
cameos ae 
Power Supply Current | mA 
Input Leakage Current Fo 


Output Leakage Current 


Clock Input Low Voltage 


Capacitance of Input Buffer 
(All input except 
ADjy-AD7 RQ/GT) 


Capacitance of I/O Buffer 
(ADp-AD7 RQ/GT) 


A.C. CHARACTERISTICS (Ty = 0°C to 70°C, Voc = 5V +10%) 
MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 


Test Conditions 


From 1.0V to 3.5V 
From 3.5V to 1.0V 


| _TRIVCL | _RDY Setup Time into 8284 (See Notes 1,2)| 35 
| TCLRIX | RDY Hold Time into 8284 (See Notes 1, 2) 0 | 
READY Setup Time into 8088 (4TCLCL)-15 | 
READY Hold Time into 8088 a a ae 
| TRYLCL_ | READY InactivetoCLK(SeeNote3) | 8 | 
8 

ae 

| 20 


THVCH HOLD Setup Time 
TINVCH INTR, NMI, TEST Setup Time (See Note 2) 


TILIH Input Rise Time (Except CLK) 
TIHIL Input Fall Time (Except CLK) 
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From 0.8V to 2.0V 
From 2.0V to 0.8V 
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A.C. CHARACTERISTICS ((Sontinued) 
TIMING RESPONSES 


Pareimeter Min. 
TCLAV Address Valid Delay, 
TCLAX Address Hold Time: 
TCLAZ Address Float Delaty TCLAX 
TLHLL ALE Width TCLCH—20 
TCLLH ALE Active Delay _ 
TCHLL ALE Inactive Delay’ 
TLLAX Address Hold Timi: to ALE Inactive TCHCL-10 
TCLDV Data Valid Delay _ 
TCHDX Data Hold Time _ 
TWHDX Data Hold Time Atfter WR TCLCH-—30 
TCVCTV Control Active De! ay 1 
TCHCTV | Control Active Delay 2 
TCVCTX Control Inactive [)elay 

TAZRL Address Float to 'READ Active 
TCLRL RD Active Delay — 10 
TCLRH RD Inactive Delay 
TRHAV RD Inactive to Ne:xt Address Active TCLCL—45 
TCLHAV | HLDA Valid Delay 
TRLRH RD Width STCLCL-75 
TWLWH_ | WR Width 2TCLCL-60 
TAVAL Address Valid to ALE Low TCLCH—60 
TOLOH Output Rise Time 
TOHOL _| Output Fall Time 


—_ 
i=) 


C. = 20-100 pF for 
all 8088 Outputs 
in addition to 


internal loads 
110 


110 


—s 


anh, a Se ee 9 at, at, 
ro) ra) CO!10/o0 ra) ro) 
—h —_—k | ok —_ an, —, 
ren) o| er —* ar 
ro) o|n ro) Oo Oo 


20 


From 0.8V to 2.0V 
From 2.0V to 0.8V 


wd 
NO 


A.C. TESTING INPUT, OUTPIUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.4 


DEVICE 
UNDER 


1.5 ~<«——— TEST PO|INTS ——— 1.5 TEST 


0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 24V FORALOGIC 1 AND 0.45V FOR 
ALOGIC 0. THE CLOCK IS DRIVEN AT 4.3V AND 0.25V. TIMING MEASURE- 
MENTS ARE MADE AT 1.5V FOR BOTH A L.OGIC 1° AND 0 


C, INCLUDES JIG CAPACITANCE 
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WAVEFORMS 
BUS TIMING—MINIMUM MODE laa: 
tf 
rene —+|TCH1CH2 ee 
CLK (8284 Output) Ril A 


Ais~Ag es Ais — Ag (Float during INTA) 


sig a at 


oe ewe 
—_— mm} IK TOM NN 


_ TCLAZ TOVCL— 


RD a 
READ CYCLE - W; 
(NOTE 1) =F TRLRH TCHCTV 
(WR, INTA = Vou) _ 
DT/R 


TCVCTV— i TCVCTX — > 


DEN 
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WAVEFORMS (Continued) 


BUS TIMING—MINIMUM MODE SYSTEM (Continued) 


Ty; T2 T3 Tw 
TCH1ICH2 TCL2CL1 


CLK (8284 Output) 


WRITE CYCLE 
NOTE 1 


INTA CYCLE 
NOTES 1,3 


(RD, WR = Von) 


SOFTWARE HALT - 
DEN,RD,WR,INTA = Vou 
DT/R INDETERMINATE 


VcL 


TCLDV 
TCLAX— 


CX ene XL eer 
+ TWHDX > 
TCVCTX 
<—— 
+TCLAZ 


te 
a 


TCHDX 


—_— 


TCLAV > 


AD7-—ADo 


POINTER |) 


FLOAT FLOAT 


TCHCTV TCHCTV 


<I 


7 re 
a F 


7 


INVALID ADDRESS SOFTWARE HALT 


. ALL SIGNALS SWITCH BETWEEN Voy AND Vo, UNLESS OTHERWISE 
SPECIFIED. 

. RDY IS SAMPLED NEAR THE END OF To, T3, Tw TO DETERMINE IF Tw 
MACHINES STATES ARE TO BE INSERTED. 

. TWO INTA CYCLES RUN BACK-TO-BACK. THE 8088 LOCAL ADDR/DATA 
BUS IS FLOATING DURING BOTH INTA CYCLES. CONTROL SIGNALS 
ARE SHOWN FOR THE SECOND INTA CYCLE. 

. SIGNALS AT 8284 ARE SHOWN FOR REFERENCE ONLY. 

. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHEPWISE 
NOTED. 
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A.C. CHARACTERISTICS (Continued) 


MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 
TIMING REQUIREMENTS 


| Symbol | Parameter | Min 
rreuct | CikcyciePeod—SSSCSC~S~—rSCSC~iaO 
CLK Fall Time 


TDVCL Data In Setup Time a: ae 
TCLDX | Data In Hold Time 


|Max. | Units | Test Conditions _ 

| 500 | ns 

P| ns 

pf ns 

| 10 | ns__| From 1.0V to 3.5V_ 

| 10 | ns__| From 3.5V to 1.0V | 

pf ns 

a 

—s 
pons 

pf ns 


TRIVCL RDY Setup Time into 8284 (See Notes 1, 2) 
TCLR1X RDY Hold Time into 8284 (See Notes 1, 2) 


TRYHCH | READY Setup Time into 8088 (% TCLCL)—15 
TCHRYX | READY Hold Time into 8088 


TAYLGL READY Inactive to CLK (See Note 4) 
TINVCH Setup Time for Recognition (INTR, NMI, TEST) 
(See Note 2) 


TGVCH | RQ/GT Setup Time a 


From 0.8V to 2.0V 
From 2.0V to 0.8V 


TCHGX RQ Hold Time into 8086 
TILIH Input Rise Time (Except CLK) 
TIHIL Input Fall Time (Except CLK) 
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A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 


Symbol 
TCLML 10 

10 
TCHSV 10 
TCLSH 10 
TCLAV 10 
TCLAX 10 
TCLAZ TCLAX 
TSVLH 
TSVMCH Status Valid to MCE High (See Note 1) 

TOLLH 
TCLMCH 
TCHLL 
TCLMCL 
TCLDV 10 
TCHDX 10 
TCVNV 
TCVNX 
TAZRL 
TCLRL 10 
TCLRH 10 
TRHAV TCLCL~4 
TCHDTL 
TCHDTH 
TCLGL 
TCLGH 
TRLRH 2TCLCL—75 


TOLOH Output Rise Time 


TOHOL Output Fall Time 


NOTES: 

1. Signal at 8284 or 8288 shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T2 state (8 ns into T3 state). 

4. Applies only to T2 state (8 ns into TS state). 


a ee ee eS 
=—!@a;—/— 
oO};O!;}o|;o 


ee ee ee eo 
oy; oa}; oa); on 


Cy = 20-100 pF for 
all 8088 Outputs 

in addition to 
internal loads 


_ 
=k 
fo) 


on 


From 0.8V to 2.0V 
From 2.0V to 0.8V 


12 


= =e oi 
= o}|]@® on 
io) o;}u 
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WAVEFORMS (Continued) 


BUS TIMING—MAXIMUM MODE 1 To 
SYSTEM (USING 8288) TCLCL TCH1CH2 TCL2CL1 yy 


VCH 
CLK 
VCL 
TCLAV 


$2,571,590 (EXCEPT HALT) 


Ais—Ag 


Aig/S6-Ai6/S3 


en WWE IMM WAY 


TRYLCL 


READY (8088 INPUT) 
TRYHSH — 


TCLAX i Sa > 
READ CYCLE TcLav—| —+|toLaz TDVCL TCLDX 


AD7 - AD -£D DATA IN 
TAZRL TCLRH 4 TRHAV 
TCHDTL —| a= A TCHDTH 
DT/A 


TCLML~> TCLMH 
8288 OUTPUTS MRDG OR JORG 
SEE NOTES 5,6 
TCVNV—> 
DEN 
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WAVEFORMS (Continued) 


BUS TIMING—MAXIMUM — " Ta Ts Ts 
MODE SYSTEM VCH tw 


CLK 


(USING 8288) vcL 4 4 
a= 


WRITE CYCLE 


4 eX [Tee 2D 


8288 OUTPUTS 
SEE NOTES 5,6 AMWC OR AIOWC 


MWTC OR IOWC 


INTA CYCLE 


Ais—Ag RESERVED FOR 
(SEE NOTES 3,4) CASCADE ADDR 
TCLAZ 
. - POINTER 
FLO 
TCLMCL—> 
TSVMCH —— 
is % / 


TCHDTH 


8288 OUTPUTS 
SEE NOTES 5,6 ) !NTA 


DEN 


SOFTWARE TCVNX — 
HALT — (DEN = Vo. ;RD,MRDC,IORC, MWTC,AMWC,|OWC,AIOWC,INTA, OT/A = Von. 


AD7 — ADo, Ais — Ag 


INVALID ADDRESS 


. ALL SIGNALS SWITCH BETWEEN Von AND Vo. UNLESS OTHERWISE 
SPECIFIED. 

. RDY IS SAMPLED NEAR THE END OF To, T3, Tw TO DETERMINE IF Tw 
MACHINES STATES ARE TO BE INSERTED. 

. CASCADE ADDRESS IS VALID BETWEEN FIRST AND SECOND INTA 
CYCLES. 

. TWO INTA CYCLES RUN BACK-TO-BACK. THE 8088 LOCAL ADDR/DATA 
BUS IS FLOATING DURING BOTH INTA CYCLES. CONTROL FOR 
POINTER ADDRESS IS SHOWN FOR SECOND INTA CYCLE. 

. SIGNALS AT 8284 OR 8288 ARE SHOWN FOR REFERENCE ONLY. 

. THE ISSUANCE OF THE 8288 COMMAND AND CONTROL SIGNALS 

, , , ORC, TOWC, ATOWC, INTA AND DEN) LAGS THE 
ACTIVE HIGH 8288 CEN. 

. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE 
NOTED. 

. STATUS INACTIVE IN STATE JUST PRIOR TO Tg. 
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WAVEFORMS (Continued) 


BUS LOCK SIGNAL TIMING 
(MAXIMUM MODE ONLY) 


Any CLK Cycle a 


TCLAV |=— —> — 
LOCK 


ASYNCHRONOUS 
SIGNAL RECOGNITION 


7 Sf \_ 
NMI TINVCH (see note 1) 


INTR | signal ; 


TEST 


NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRONOUS 
SIGNALS ONLY TO GUARANTEE RECOGNITION AT NEXT CLK 


REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 


| 
| 
| | 


|-—revcH 


italia >| — TCLGL)-— _ + TCLGH 
| | 
PULSE 1 PULSE 3 
COPROCESSOR PULSE 2 COPROCESSOR 
RO | | 8088 GT RELEASE 
| 


Previous grant cad | TCLAZ 


Aie/Se — Are/Ss } ) 
Ais—As 
8088 COPROCESSOR 8088 
: ' 


(SEE NOTE 1) 


NOTE: 1. THE COPROCESSOR MAY NOT DRIVE THE BUSSES OUTSIDE THE REGION 
SHOWN WITHOUT RISKING CONTENTION. 


HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 


2 1 CLK CYCLE— e OR 2 CYCLES —+ 


S WF Ne 


(SEE NOTE 1) afl |<—THVCH 


|= TCLHAV — <— TCLHAV 
——————— 


COPROCESSOR = 8088 
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iAPX 86/10, 88/10 
INSTRUCTION SET SUMMARY 


DATA TRANSFER 
MOV - Move: 76543210 76543210 76543210 76543210 OEC Decrement: 76543210 76543210 76543210 76543210 
Register /memory to/trom register 100010dw Register /memory 


Immediate to register /memory mod 000 1/m data | dataitw 1 Register 1001 reg 


Immediate to register NEG Change sign 


Memory to accumulator 


CMP Compare: 
Accumulator to memory 


Register/memory to segment register Register/memory and register 001110dwi{mod reg rim 


Segment register to register /memory Immediate with register /memory 100000s w|mog1t1 rim data ifs w 01 
Immediate with accumulator 


PUSH - Push: AAS ASCII adjust for subtract 
Register /memory OAS Decimal adjust tor subtract 
Register MUL Multiply (unsigned) 
Segment register IMUL Integer multiply (signed) 


AAM ASCII adjust for multiply 
POP - Pop: - 


Register /memory 


DIV Divide (unsigned) 

IDIV Integer divide (signed) 
AAD ASCII adjust for divide 
CBW Convert byte to word 


Register 
Segment register 


XCHG - Exchange: CWD Convert word to double word 


Register/memory with register 1000011w 


Register with accumulator 


IN=Input from: 

Fixed port 

Variable port 

LOGIC 

NOT invert 1411011 w[mod010 1m 

SHL/SAL Shift logical arithmetic lett | 110100vwsimod100 t/m 

SHR Shift logical right thd 0100vw{i{mod101 1/m 
SAR Shift arithmetic right 110100vw{mod111 t/m 

LEA-Load EA !o register 


ROL Rotate lett 
LDS$=Load pointer to DS 11000101 |mod reg AOR Rotate right 
LES-Load pointer to ES 
LAWF=Load AH with flags 
SANF = Store AH into flags 
PUSHF-Push flags AND And 
POPF-Pop flags Reg /memory and register to either 


OUT = Output to 
Fixed port 


Variable port 
MLAT= Translate byte to AL 


RCL Rotate through carry flag lett 110100vwi{mod010 r/m 
RCR Rotate through carry right 


Immediate to register /memory 1000000w|mod100 r/m 


Immediate to accumulator 0010010w data dataitw 1 


TEST And function to flags. no result: 
ARITHMETIC 


AOD - Add: Immediate data and register /memory 


Reg /memory with register toeither |000000d w | mod reg rim Immediate data and accumulator 
Immediate to register/memory [100000sw| 00000swi{mod000 tim data ifsw 01 | 


Immediate to accumulator 0000010w data data itw 1 OR Or: 

- Reg /memory and register to either mod reg f/m 
ADC - Add with carry: Immediate to register /memory 1000000w |mod001 r/m 
Reg /memory with register to either {0001004 w{|mod reg rim Immediate to accumulator 0000110w data 


Immediate to register/memory [100000sw]| 00000sw{mod010 r/m data data if Sw or | 
Immediate to accumulator 0001010w data dataitw 1 XOR Exclusive or: 


Reg /memory and register to either 001100dw {mod reg r/m 

INC = Increment: immediate to register /memory 1000000w |mod110 r/m 

Register /memory 111111 1wimod000 rm Immediate to accumulator [oo11010w| 011010w data data ifw 1 | 
Register 01000 reg 

AAA-ASCII adjust for add 00110111 

DAA-Decimal adjust for add 00100111 


Register /memory and register 


mo 


SUB - Subtract: 


Reg /memory and register to either 001010dwi{mod reg rim 
Immediate from register /memory 100000swt{mod101 t/m data dataifsw 01 STRING MANIPULATION 
REP=Repeat 


MOVS=Move byte/word 
808 - Subtract with berrew CMPS=Compare byte/word 


Reg /memory and register to either 000110dw SCAS=Scan byte/word 
immediate trom register /memory 100000 sw{|mod011 rim data data ifsw 01 LODS=Load byte/wd to AL/AX 


Immediate trom accumulator 0001110w data dataiftw 1 STOS=Stor byte/wd from AL/A 


Immediate from accumulator 0010110w data dataitw 1 


Mnemonics ©intel, 1978 
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INSTRUCTION SET SUMMARY (Continued) 


CONTROL TRANSFER 
CALL = Call: 

Direct within segment 
Indirect within segment 


76543210 76543210 76543210 


11101000] dspiow | dspnor_] 


11111111 ]mod010 ¢/m 


Direct intersegment 


Indirect intersegment 


JMP = Unconditional Jump: 
Direct within segment 
Direct within segment-short 


111171111 )m0d100 ¢/m 
Direct intersegment offset-high 


Indirect within segment 


seg-low seg-high 


Indirect intersegment mod 101 r/m 


RET = Return from CALL: 

Within segment 

Within seg. adding immed to SP data-high 
Intersegment 11001011 


Intersegment. adding immediate to SP} 11001010 data-low 


JE/JZ=Jump on equal/zero 
JL/JMGE=Jump on less/not greater 


or equal 

JLE/JNG=Jump on less or equal/not 
greater 

JB/JMAE=Jump on below/not above [1149010 
or equa 

JBE/JNA=Jump on below or equal/ 


not above 
JP/JPE=Jump on parity/parsty even 


J0=Jump on overflow 01110000 


J8=Jump on sign 
JME/JNZ=JuMp on not equal/not zero 
JML/JGE=-Jump on not less/greater 


or equal 
JMLE/JG=Jump on not less or equal/ 
greater 


Footnotes: 


AL = &bit accumulator 

AX = 16-bit accumulator 

CX = Count register 

DS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value. 

Greater = more positive: 

Less = less positive (more negative) signed values 
if d = 1 then ‘‘to” reg; if d = 0 then “from” reg 

if w = 1 then word instruction; if w = 0 then byte instruction 


if mod = 11 then r/m is treated as a REG field 
if mod = 00 then DISP = 0°, disp-low and disp-high are absent 


76543210 76543210 


JNB/JAE-Jump on not below/above 


or equal = 
JNBE/JA- Jump on not below or disp 


equal/above 
JNP/JPO: Jump on not par/par odd 


JNO: Jump on not overflow 
JNS Jump on not sign 
LOOP Loop CX times 


LOOPZ/LOOPE Loop while zero/equal 
LOOPNZ/LOOPNE Loop while not 


zero /equa' ba onees | sey 


JCOXZ Jump on CX zero 


INT Interrupt 

Type specitied 

Type 3 

INTO Interrupt on overtlow 
IRET Interrupt return 


PROCESSOR CONTROL 
CLC Clear carry 

CMC Complement carry 
STC Set carry 

CLO Clear direction 

STD Set direction 

CLI Clear interrupt 

STI Set interrupt 

HLT Halt 

WAIT Wait 

ESC Escape (to external device) 
LOCK Bus lock prefix 


1147119103 
11111010 
11111011 


if s:;w=01 then 16 bits of immediate data form the operand 

if s';w=11 then an immediate data byte is sign extended to 
form the 16-bit operand. 

if v=0 then ‘‘count’'=1; if v=1 then ‘‘count’’ in (CL) 

x= don't care 

Z is used for string primitives for comparison with ZF FLAG. 


SEGMENT OVERRIDE PREFIX 
001+reg 110 


REG is assigned according to the following table: 


Poor] asp 


if mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent 16-Bit (w = 1) B-Bit (w = 0) Segment 
if mod = 10 then DISP = disp-high: disp-low 000 AX 000 AL 00 ES 
if r/m = 000 then EA = (BX) + (Sl) + DISP ee ot a ae 
if r/m = 001 then EA = (BX) + (DI) + DISP 011 BX 011. BL 11 DS 
if r/m = 010 then EA = (BP) + (SI) + DISP 100 SP 100 AH 
if r/m = 011 then EA = (BP) + (DI) + DISP 101 BP 101 CH 
if r/m = 100 then EA = (SI) + DISP 110 SI 110 OH 

111 “Dl 111 BH 


if r/m = 101 then EA = (DI) + DISP 
if r/m = 110 then EA = (BP) + DISP* 
if r/m = 111 then EA = (BX) + DISP 


DISP follows 2nd byte of instruction (before data if required) Instructions which reference the flag register file as a 16-bit object use the symbol FLAGS to 


represent the file: 


“except if mod = 00 and r/m = 110 then EA = disp-high: disp-low. FLAGS = X:X:X:X:(OF) (DF): (IF):(TF):(SF):(Z2F):X:(AF):X:(PF):X:(CF) 


Mnemonics © Intel, 1978 
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8089 
8 & 16-BIT HMOS I/O PROCESSOR 


s High Speed DMA Capabilities Including #8 1 Mbyte Addressability 
l/0 to Memory, Memory to 1/0, Memory =» Memory Based Communication with 


to Memory, and I/O to I/O CPU 
= iAPX 86,88 Compatible: Removes !/0 ows ae ee 
Overhead from CPU in iAPX 86/11 or a 
88/11 Configuration = Flexible, Intelligent DMA Functions 
Including Translation, Search, Word 
= Allows Mixed Interface of 8- & 16-Bit Assembly/Disassembly 
Peripherals, to 8- & 16-Bit Processor =» MULTIBUS™ Compatible System 
Busses Interface 


The Intel® 8089 is a revolutionary concept in microprocessor input/output processing. Packaged in a 40-pin DIP package, 
the 8089 is a high performance processor implemented in N-channel, depletion load silicon gate technology (HMOS). The 
8089’s instruction set and capabilities are optimized for high speed, flexible and efficient I/O handling. It allows easy 
interface of Intel’s 16-bit iAPX 86 and 8-bit iAPX 88 microprocessors with 8- and 16-bit peripherals. In the REMOTE 
configuration, the 8089 bus is user definable allowing it to be compatible with any 8/16-bit Intel microprocessor, interfacing 
easily to the Intel multiprocessor system bus standard MULTIBUS™. 


The 8089 performs the function of an intelligent DMA controller for the Intel iAPX 86, 88 family and with its processing 
power, can remove I/O overhead from the iAPX 86 or iAPX 88. It may operate completely in parallel with a CPU, giving 
dramatically improved performance in I/O intensive applications. The 8089 provides two I/O channels, each supporting a 
transfer rate up to 1.25 mbyte/sec at the standard clock frequency of 5 MHz. Memory based communication between the 
IOP and CPU enhances system flexibility and encourages software modularity, yielding more reliable, easier to develop 
systems. 


1/0 CHANNEL 1 | = | 


DMA REQ; 


DMA 
TERMINATE, 


BUS 
CONTROL 
AND a» STATUS A11/D11 LJ 5 36 { ] A18/S5 
ARBITRATION 


1/O BUS ar As/Ds |_| 8 33] | EXT 1 


A6/D6 [_] 10 31([] DRQ1 

AS5/D5 [_] 11 30[[] DRQ2 

P | A4/D4 [_] 12 291] LOCK 
A3/D3 _} 13 281] $2 
rca, l| A2/D2 LJ 14 27] Si 
= A1/D1 LJ 15 261] So 

TERMINATE? von a 

DISASSEMBLY SINTR-1[_] 17 24] ) SEL 


Vss Lj 20 21|_] RESET 


INSTRUCTION 
FETCH UNIT 


Figure 2. 
Figure 1. 8089 I/O Processor Block Diagram 8089 Pin Configuration 
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DO-D15 
A16-A19/ 
S3-S6 
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Table 1. Pin te 


Multiplexed Address and Data Bus: The 
function of these lines are defined by the 
state of SO, S1 and S2 lines. The pins are 
floated after reset and when the bus is not 
acquired. A8-A15 are stable on transfers to a 
physical 8-bit data bus (same bus as 8088), 
and are multiplexed with data on transfers to 
a 16-bit physical bus. 


Address and Status: Multiplexed most 
significant address lines and status in- 
formation. The address lines are active only 
when addressing memory. Otherwise, the 
status lines are active and are encoded as 
shown below. The pins are floated after reset 
and when the bus is not acquired. 

S6 S5 $4 S3 

1 1 0 0 DMAcycle on CH1 

1 1 0 1 DMAcycle on CH2 

1 1 1 O Non-DMA cycle on CH1 

1 1 1 1 Non-DMA cycle on CH2 


Bus High Enable: The Bus High Enable is 
used to enable data operations on the most 
significant half of the data bus (D8-D15). The 
signal is active low when a byte is to be 
transferred on the upper half of the data bus. 
The pin is floated after reset and when the 
bus is not acquired. BHE does not have to be 
latched. 


Status: These are the status pins that define 
the IOP activity during any given cycle. They 
are encoded as shown below: 

$2 $1 SO 

0 Instruction fetch; I/O space 

1 Data fetch; I/O space 

0 Data store; I/O space 

1 Not used 

0 Instruction fetch; System Memory 
1 Data fetch; System Memory 

0 Data store; System Memroy 

1 Passive 

The status lines are utilized by the bus 
controller and bus arbiter to generate all 
memory and |/O control signals. The signals 
change during T4 if a new cycle is to be 
entered while the return to passive state in T3 
or Tw indicates the end of a cycle. The pins 
are floated after system reset and when the 
bus is not acquired. 


0 
0 
1 
1 
0 
0 
1 
1 


Ready: The ready signal received from the 
addressed device indicates that the device is 
ready for data transfer. The signal is active 
high and is synchronized by the 8284 clock 
generator. 
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Lock: The lock output signal indicates to the 
bus controller that the bus is needed for more 
than one contiguous cycle. It is set via the 
channel control register, and during the TSL 
instruction. The pin floats after reset and 
when the bus is not acquired. This output is 
active low. 


Reset: The receipt of a reset signal causes 
the IOP to suspend all its activities and enter 
an idle state until a channel attention is 
received. The signal must be active for at 
least four clock cycles. 


Clock: Clock provides all timing needed for 
internal IOP operation. 


Channel Attention: Gets the attention of the 
IOP. Upon the falling edge of this signal, the 
SEL input pin is examined to determine 
Master/Slave or CH1/CH2 information. This 
input is active high. 


Select: The first CA received after system 
reset informs the IOP via the SEL line, whe- 
ther it is a Master or Slave (0/1 for Mas- 
ter/Slave respectively) and starts the in- 
itialization sequence. During any other CA 
the SEL line signifies the selection of 
CH1/CH2. (0/1 respectively.) 


Data Request: DMA request inputs which 
signal the IOP that a peripheral is ready to 
transfer/receive data using channels 1 or 2 
respectively. The signals must be held active 
high until the appropriate fetch/stroke is 
initiated. 


Request Grant: Request Grant implements 
the communication dialogue required to ar- 
bitrate the use of the system bus (between 
IOP and CPU, LOCAL mode) or I/O bus when 
two IOPs share the same bus (REMOTE 
mode). The RQ/GT signal is active low. An 
internal pull-up permits RQ/GT to be left 
floating if not used. 


Signal Interrupt: Signal Interrupt outputs 
from channels 1 and 2 respectively. The 
interrupts may be sent directly to the CPU or 
through the 8295A interrupt controller. They 
are used to indicate to the system the 
occurrence of user defined events. 


External Terminate: External terminate 
inputs for channels 1 and 2 respectively. The 
EXT signals will cause the termination of the 
current DMA transfer operation if the chan- 
nel is so programmed by the channel control 
register. The signal must be held active high 
until termination is complete. 


Voltage: +5 volt power input. 
Ground. 
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FUNCTIONAL DESCRIPTION 


The 8089 IOP has been designed to remove I/O proces- 
sing, control and high speed transfers from the central 
processing unit. Its major capabilities include that of in- 
itializing and maintaining peripheral components and 
supporting versatile DMA. This DMA function boasts 
flexible termination conditions (such as external termi- 
nate, mask compare, single transfer and byte count ex- 
pired). The DMA function of the 8089 IOP uses a two cy- 
cle approach where the information actually flows 
through the 8089 IOP. This approach to DMA vastly sim- 
plifies the bus timings and enhances compatibility with 
memory and peripherals, in addition to allowing opera- 
tions to be performed on the data as it is transferred. 
Operations can include such constructs as translate, 
where the 8089 automatically vectors through a lookup 
table and mask compare, both on the “‘fly”. 


The 8089 is functionally compatible with Intel’s iAPX 86, 88 
family. It supports any combination of 8/16-bit busses. In 
the REMOTE mode it can be used to complement other 
Intel processor families. Hardware and communication 
architecture are designed to provide simple mechanisms 
for system upgrade. 


The only direct communication between the IOP and 
CPU is handled by the Channel Attention and Interrupt 
lines. Status information, parameters and task pro- 
grams are passed via blocks of shared memory, simpli- 
fying hardware interface and encouraging structured 
programming. 


The 8089 can be used in applications such as file and 
buffer management in hard disk or floppy disk control. It 
can also provide for soft error recovery routines and scan 


cLock Fy 
GENERATOR 


| 
15 BIT UO ADDR 4 
DECODE 


NOTE: ONLY ONE LATCH IS NEEDED IF CONFIGURED WITH 8088 AND ONLY 64K 
ADDRESSING IS USED. ONLY ONE TRANSCEIVER !S NEEDED IF USING A 
PHYSICAL 8-BIT DATA BUS (8088). 


control. CRT control, such as cursor control and auto 
scrolling, is simplified with the 8089. Keyboard control, 
communication control and general I/O are just a few of 
the typical applications for the 8089. 


Remote and Local Modes 


Shown in Figure 3 is the 8089 in a LOCAL configuration. 
The iAPX 86 (or iAPX 88) is used in its maximum mode. The 
8089 and iAPX 86 reside on the same local bus, sharing the 
same set of system buffers. Peripherals located on the 
system bus can be addressed by either the iAPX 86 or the 
8089. The 8089 requests the use of the LOCAL bus by 
means of the RQ/GT line. This performs a similar function 
to that of HOLD and HLDA on the Intel 8085A, 8080A and 
iAPX 86 minimum mode, but is implemented on one 
physical line. When the iAPX 86 relinquishes the system 
bus, the 8089 uses the same bus control, latches and 
transceiver components to generate the system address, 
control and data lines. This mode allows a more 
economical system configuration at the expense of 
reduced CPU thruput due to IOP bus utilization. 


A typical REMOTE configuration is shown in Figure 4. In 
this mode, the IOP’s bus is physically separated from 
the system bus by means of system buffers/latches. The 
IOP maintains its own local bus and can operate out of 
local or system memory. The system bus interface con- 
tains the following components: 


e Up to three 8282 buffer/latches to latch the address to 
the system bus. 


e Up to two 8286 devices bidirectionally buffer the 
system data bus. 


cs) 3 
2142 RAM (4) 
(2) 
1K x8 


2716-2 CS-80 MCS-80 
EPROM (2) PERIPHERAL PERIPHERAL 


| 
2Kx8 2Kx8 DMQ DMAC DMQ DMAC 


Figure 3. Typical iAPX 86/11, 88/11 Configuration with 8089 in LOCAL Mode, 8088, 8086 in MAX Mode 
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e An 8288 bus controller supplies the control signals 


necessary for buffer operation as well as MRDC 
(Memory Read) and MWTC (Memory Write) signals. 


An 8289 bus arbiter performs all the functions 
necessary to arbitrate the use of the system bus. This 
is used in place of the RQI/GT logic in the LOCAL 
mode. This arbiter decodes type of cycle information 
from the 8089 status lines to determine if the IOP 
desires to perform a transfer over the ‘“‘ccommon” or 
system bus. 


The peripheral devices PER1 and PER2 are supported on 
their own data and address bus. the 8089 communicates 
with the peripherals without affecting system bus opera- 
tion. Optional buffers may be used on the local bus when 
capacitive loading conditions so dictate. I/O programs and 
RAM buffers may also reside on the local bus to further 
reduce system bus utilization. 


COMMUNICATION MECHANISM 


Fundamentally, communication between the CPU and 
IOP is performed through messages prepared in shared 
memory. The CPU can cause the 8089 to execute a pro- 
gram by placing it in the 8089’s memory space and/or 
directing the 8089’s attention to it by asserting a hard- 
ware Channel Attention (CA) signal to the IOP, ac- 
tivating the proper !/O channel. The SEL Pin indicates to 


TO LOCAL 
vO BUS 


(OPTIONAL—IF 
NEEDED TO REDUCE 
LOADING ON 8089) 


g 
& 
g 
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the IOP which channel is being addressed. Communica- 
tion from the IOP to the processor can be performed ina 
similar manner via a system interrupt (SINTR 1,2), if the 
CPU has enabled interrupts for this purpose. Addition- 
ally, the 8089 can store messages in memory regarding 
its status and the status of any peripherals. This com- 
munication mechanism is supported by a hierarchial 
data structure to provide a maximum amount of flexi- 
bility of memory use with the added capability of handl- 
ing multiple lOP’s. 


Illustrated in Figure 5 is an overview of the communica- 
tion data structure hierarchy that exists for the 8089 I/O 
processor. Upon the first CA from RESET, if the IOP is 
initialized as the BUS MASTER, 5 bytes of information are 
read into the 8089 starting at location FFFF6 (FFFF6, 
FFFF8-FFFFB) where the type of system bus (16-bit or 8- 
bit) and pointers to the system configuration block are 
obtained. This is the only fixed location the 8089 accesses. 
The remaining addresses are obtained via the data struc- 
ture hierarchy. The 8089 determines addresses in the 
same manner as does the iAPX 86; i.e., a 16-bit relocation 
pointer is offset left 4 bits and added to the 16-bit address 
offset, obtaining a 20-bit address. Once these 20-bit ad- 
dresses are formed, they are stored as such, as all the 8089 
address registers are 20 bits long. After the system con- 
figuration pointer address is formed, the 8089 IOP ac- 
cesses the system configuration block. 


Yar 


MULTIBUS 
ARBITRATION 
SIGNALS 


8282/83 


Figure 4. Typical REMOTE Configuration 
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07 0 
LOCATION 
SYS BUS FFFF6 
SCB ADDRESS 
SCB RELOCATION | 


ADDRESS 
INCREASE 


SYSTEM 
CONFIGURATION 
BLOCK 


CB ADDRESS 
CB RELOCATION 


CONTROL BUSY 
Boer | Busy _| 
PB ADDRESS 
PB RELOCATION 
PB ADDRESS 
PARAMETER PB RELOCATION 
— ae 


TB ADDRESS 
TB RELOCATION TASK BLOCK | 
USER DEFINED 1OP TASK 
| | T PROGRAM T 


Figure 5. Communication Data Structure Hierarchy 


CHANNEL 
1 


CHANNEL 
2 


The System Configuration Block (SCB), used only dur- 
ing startup, points to the Control Block (CB) and provides 
IOP system configuration data via the SOC byte. The 
SOC byte initializes 1OP I/O bus width to 8/16, and 
defines one of two IOP RQ/GT operating modes. For 
RQ/GT mode 0, the IOP is typically initialized as SLAVE 
and has its RO/GT line tied to a MASTER CPU (typical 
LOCAL configuration). In this mode, the CPU normally 
has control of the bus, grants control to the IOP as need- 
ed, and has the bus restored to it upon IOP task comple- 
tion (IOP request—CPU grant—IOP done). For RQ/GT 
mode 1, useful only in remote mode between two IOPs, 
MASTER/SLAVE designation is used only to initialize 
bus control: from then on, each IOP requests and grants 
as the bus is needed (IOP1 request—IOP2 grant—lOP2 
request—lOP1 grant). Thus, each IOP retains bus con- 
trol until the other requests it. The completion of in- 
itialization is signalled by the IOP clearing the BUSY 
flag in the CB. This type of startup allows the user to 
have the startup pointers in ROM with the SCB in RAM. 
Allowing the SCB to be in RAM gives the user the flex- 
ibility of being able to initialize multiple IOPs. 


The Control Block furnishes bus control Initialization for 
the IOP operation (CCW or Channel Control Word) and 
provides pointers to the Parameter Block or ‘data’ 
memory for both channels 1 and 2. The CCW is retrieved 
and analyzed upon all CA’s other than the first after a 
reset. The CCW byte is decoded to determine channel 
operation. 


The Parameter Block contains the address of the Task 
Block and acts as a messge center between the IOP and 
CPU. Parameters or variable information is passed from 
the CPU to its IOP in this block to customize the soft- 
ware interface to the peripheral device. It is also used 
for transferring data and status information between the 
IOP and CPU. 


The Task Block contains the instructions for the respec- 
tive channel. This block can reside on the local bus of 
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the IOP, allowing the IOP to operate concurrently with 
the CPU, or reside in system memory. 


The advantage of this type of communication between 
the processor, IOP and peripheral, is that it allows fora 
very clean method for the operating system to handle 
I/O routines. Canned programs or “Task Blocks” allow 
for execution of general purpose I/O routines with the 
status and peripheral command information being 
passed via the Parameter Block (‘‘data’” memory). Task 
Blocks (or “program”? memory) can be terminated or 
restarted by the CPU, if need be. Clearly, the flexibility 
of this communication lends itself to modularity and ap- 
plicability to a large number of peripheral devices and 
upward compatibility to future end user systems and 
microprocessor families. 


Register Set 


The 8089 maintains separate registers for its two I/O 
channels as well as some common registers (See Figure 
6). There are sufficient registers for each channel to sus- 
tain its own DMA transfers, and process its own instruc- 
tion stream. The basic DMA pointer registers (GA, GB — 
20 bits each), can point to either the system bus or local 
bus, DMA source or destination, and can be autoincre- 
mented. A third register set (GC) can be used to allow 
translation during the DMA process through a lookup 
table it points to. Additionally, registers are provided fora 
masked compare during the data transfer and can be set 
up to act as one of the termination conditions. Other 
registers are also provided. Many of these registers canbe 
used as general purpose registers during program execu- 
tion, when the IOP is not performing DMA cycles. 


USER PROGRAMMABLE 
0 


| G.P. ADDRESS A (GA) 
| G.P. ADDRESS B (GB) 
|| G.P. ADDRESS C (GC) 


TASK POINTER (TP) 
1-BIT POINTER TO EITHER I/O OR SYSTEM MEMORY SPACE 


BYTE COUNT (BC) 


[wack CoMPARE 6 
CHANNEL CONTROL (CC) 


NON USER PROGRAMMABLE 
(ALWAYS POINTS TO SYSTEM MEMORY) 


ee 
PARAMETER POINTER (PP) 


CHANNEL CONTROL POINTER (CP) 


Figure 6. Register Model 


Bus Operation 


The 8089 utilizes the same bus structure as the 
iAPX 86, 88 in their maximum mode configurations (see 
Figure 7). The address is time multiplexed with the data 
on the first 16/8 lines. A16 through A19 are time multi- 
plexed with four status lines S3-S6. For 8089 cycles, S4 
and S3 determine what type of cycle (DMA versus non- 
DMA) is being performed on channels 1 or 2. S5 and S6 
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intel 
are a unique code assigned to the 8089 IOP, enabling 


the user to detect which processor is performing a bus 
cycle in a multiprocessing environment. 


The first three status lines, SO-S2, are used with an 8288 
bus controller to determine if an instruction fetch or 
data transfer is being performed in I/O or system 
memory space. 


DMA transfers require at least two bus cycles with each 
bus cycle requiring a minimum of four clock cycles. Ad- 
ditional clock cycles are added if wait states are re- 
quired. This two cycle approach simplifies considerably 
the bus timings in burst DMA. The 8089 optimizes the 
transfer between two different bus widths by using 
three bus cycles versus four to transfer 1 word. More 
than one read (write) is performed when mapping an 
8-bit bus onto a 16-bit bus (vice versa). For example, a 
data transfer from an 8-bit peripheral to a 16-bit physical 
location in memory is performed by first doing two 
reads, with word assembly within the l|OP assembly 
register file and then one write. 


As can be expected, the data bandwidth of the IOP is a 
function of the physical bus width of the system and I/O 
busses. Table 2 gives the bandwidth, latency and bus 
utilization of the 8089. The system bus is assumed to be 
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16-bits wide with either an 8-bit peripheral (under byte 
column) or 16-bit peripheral (word column) being shown. 


The latency refers to the worst case response time by 
the IOP to a DMA request, without the bus arbitration 
times. Notice that the word transfer allows 50% more 
bandwidth. This occurs since three bus cycles are re- 
quired to map 8-bit data into a 16-bit location, versus two 
for a 16-bit to 16-bit transfer. Note that it is possible to 
fully saturate the system bus in the LOCAL mode 
whereas in the REMOTE mode this is reduced to a max- 
imum of 50%. 


Table 2. Achievable 5 MHz 8089 Operations 


ee 
one [woo | ore | wow 
seawem [eores | res | sores [ 


2.4 usec 1.6 usec 0.8 usec ee 8 usec 
System Bus| = be PER PER PER 
Utilization | tRaNSFER | TRANSFER | TRANSFER | TRANSFER 


*2.4 usec if interleaving with other channel and no wait states. 1ysec if 
channel is waiting for request. 


| + Nwair) = “ 1 + Nwait) = _ 
Ts; Twait Twait | 


ADDRISTATUS 


SEE NOTE 1 
ADDRI/DATA 


= BUS RESERVED 
FOR DATA IN 


(16-BIT 
PHYSICAL BUS) 


NY 


WAIT 


GOES INACTIVE IN THE STATE 
JUST PRIOR TO Ta 


| \\\ 
| 
oT/R \ / \ 


WAIT 


DEN 
[+ MEMORY ACCESS TIME 


NOTE 1: on a STABLE (i.e., NON MULTIPLEXED) THROUGHOUT EACH TRANSFER 
E. Ag-A;, ARE ALSO STABLE ON TRANSFERS TO A PHYSICAL 8-BiT 
sus. 


Figure 7. 8089 Bus Operation 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Ambient Temperature Under Bias......... 0°C to 70°C tion of the device at these or any other conditions above 
Storage Temperature............. — 65°C to + 150°C those indicated in the operational sections of this 
Voltage on Any Pin with specification is not implied. Exposure to absolute maxi- 

Respect to Ground... ...20.00asnsees -10to + 7V mum rating conditions for extended periods may affect 
Power Dissipation ...............00 cee eee 2.5 Watt device reliability. 


D.C. CHARACTERISTICS (Ta = 0°C to 70°C, Voc = 5V +10%) 


Input Low Voltage 
Input High Voltage 


Test Conditions 


Output Low Voltage | 0.45 | lol = 2.0 mA 
Output High Voltage fF lon = —400 yA 


symbot 


Ta = 25°C 


OV<VIN<Voc 


0.45V < Vout = Vcc 


Clock Input Low Voltage 
Clock Input High Voltage 3.9 


Capacitance of Input Buffer 
(All input except _ 
ADo— ADs, RQ/GT) 


Capacitance of I/O Buffer 
(ADp— AD 45, RQ/GT) 


: 
= 
i=) 


A.C. CHARACTERISTICS (Tg = 0°C to 70°C, Veg = 5V +10%) 
8089/8086 MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) TIMING REQUIREMENTS 


TCLCL CLK Cycle Period 200 


Test Conditions 


Tronic [cixrisetine —SSSSCSC~C~“~S~“~—SSSSSSCS 
rower [ekraitine SSS 
ae 
se 


From 1.0V to 3.5V 


From 3.5V to 1.0V 


TDVCL Data In Setup Time 
TCLDX 


Data In Hold Time 
RDY Setup Time into 8284 (See Notes 1, 2) 
RDY Hold Time into 8284 (See Notes 1, 2) fF 


30 
10 
35 
TINVCH Setup Time Recognition (DRQ 1,2 RESET, Ext 1,2) (See Note 2) 30 
TGVCH RQ/GT Setup Time 30 


ns 


CA Width 

SEL Hold Time 

nuk [si Tne eet 
Trt [Taput Fat Tine (Except GLK) 


ns 
ns 


From 0.8V to 2.0V 


Co 
Lo 
eee 
P| 
a 
La 
p20 
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A.C. CHARACTERISTICS (Continued) 


TIMING RESPONSES 


TCLML Command Active Delay (See Note 1) F 10 


TCLMH Command Inactive Delay (See Note 1) 10 
0 


Test Conditions 


35 C_ = 80 pF 
35 
TRYHSH READY Active to Status Passive (See Note 3) 110 


TCHSV Status Active Delay 10 
TCLSH Status Inactive Delay 1 130 


Address Valid Delay F010 
ae 
Address Float Delay 
CLK Low to ALE Valid (See Note 1) 


TCLDV Data Valid Delay 10 


TCVNX Control Inactive Delay (See Note 1) 10 
TCHDTH Direction Control Inactive Delay (See Note 1) 
TCLGL RQ Active Delay 


TOLOH Output Rise Time 


= 150 pF 


ak 
oO 


xii 
_ 
fo) 


oO 


Cc 
ns 
Cc 


L= 

L = 100 pF 
Note 5: CL = 30 pF 
CL = 100 pF 
From 0.8V to 2.0V 


Ww >| > 
pleas 
on 


TOHOL Output Fall Time Pt ns From 2.0V to 0.8V 
NOTES: 1. Signal at 8284 or 8288 shown for reference only. 4. Applies only to T2 state. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 5. Applies only if RQ/GT Mode 1 C.=30pf, 2.7 KN pull up to Vcc. 


3. Aplies only to T3 and TW states. 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


DEVICE 
UNDER 
TEST 


1.5 <——_ TEST POINTS ——— 1.5 


0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC °1° AND 0.45V FOR 
ALOGIC °0." THE CLOCK IS DRIVEN AT 4.3V AND 0.25V. TIMING MEASURE- 
MENTS ARE MADE AT 1.5V FOR BOTH A LOGIC “1” AND “0.” 


CL = 100 pF 
C, INCLUDES JIG CAPACITANCE 
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WAVEFORMS 


8089 BUS TIMING USING 8288 


T1 T2 T3 T4 


> TCLCL ———_+ 


CH1CH2—+||*———+||+ TCL2CL1 yy 


VCH 
CLK 
VCL <— TCHDX 
TCLAV 
Ag-Ays ON TRANSFERS 
SEE NOTE7{ TO AN 8-BIT PHYSICAL BUS me a." 
AND BHE FLOAT 


\ ———— = 
§2,51,50 (EXCEPT HALT) . 
— TCHDX 


Aiebl Dak —) a os 


TSVLH (SEE NOTE 3) 
TCLLH ee 
cr 
ALE (8288 OUTPUT) / 


—Taivel. | 


WN CU AM OA 


| _ =" 


READ — (MWTC,AMWC,iOWC,AIOWC = Von) — lene le oy ns 
SEE NOTE 7 


AND os AD15-ADo FLOAT ( DATAIN ss ea 
DT/R 
TCLMH—> 
ae aes 


SEE NOTE 4 


RDY (8284 INPUT) 


READY (8089 INPUT) | 


SEE NOTES 4, 5 


DEN ees 
TCVNX — 
WRITE — (RD,MRDC,IORC,DTIR = Voy) TCLAV—> 
FLOAT 


DATA OUT 
NOTE 3) 


AND ABOVE { AD15-ADo 
TCVNV> /Tovnx-+| —_ 
DEN 
| ae Px 
ann fol 


(BHE) 
SEE NOTES 4,5 AMWC OR AIOWC 


MWTC OR IOWC 


NOTES: 
. ALL SIGNALS SWITCH BETWEEN Voy AND Vo, UNLESS OTHERWISE SPECIFIED. 

ROY !S SAMPLED NEAR THE END OF T2,T3,Tw TO DETERMINE IF Tw MACHINE STATES ARE TO BE INSERTED 

FOLLOWING A WRITE CYCLE DATA REMAINS VALID ON THE 8089 LOCAL BUS UNTIL A LOCAL BUS MASTER DECIDES TO RUN ANOTHER BUS 
CYCLE. THE LOCAL BUS IS FLOATED BY THE 8089 WHEN THE 8089 ENTERS A REQUEST BUS ACKNOWLEDGE STATE 

. SIGNALS AT 8284 OR 8288 ARE SHOWN FOR REFERENCE ONLY. 


one 


ACTIVE HIGH 8288 CEN 
ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 

Ag-A,s ARE STABLE ON TRANSFERS TO AN 8.BIT PHYSICAL DATA BUS1€ Ag-A,< 
DON'T FLOAT ON A READ FROM AN 8.BIT PHYSICAL BUS OR MULTIPLEX WITH 
DATA ON A WRITE TO AN 8&BIT PHYSICAL BUS BHE IS STABLE (NON 
MULTIPLEXED) FOR ALL TRANSFERS 


~ 
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WAVEFORMS (Continued) 


ASYNCHRONOUS SIGNAL RECOGNITION 


NOTES: 


1. SETUP REQUIREMENTS FOR ASYNCHRONOUS SIGNALS ONLY TO GUARANTEE 


RECOGNITION AT NEXT CLK. 


2. ALL INPUTS EXCEPT CA ARE LATCHED ON A CLK EDGE. THE CA INPUT IS 


TINVCH (SEE NOTE 1) 


NEGATIVE EDGE TRIGGERED. 


3. DRQ BECOMING ACTIVE GREATER THAN 30 ns AFTER THE RISING EDGE OF CLK 


BUS LOCK SIGNALTIMING AND SINTR 


Any CLK Cycle | 


—| TCLAV |=— 


REQUEST/GRANT SEQUENCE 


8089 AS SLAVE (MODE 0) 


—>| 


8089 RQ OUTPUT 
ro MASTER) 


8089 REQUESTS BUS 


8089 AS MASTER (MODE 1) 


TCHGX—> 


~<t— TGVCH 


8089 RO INPUT 
(FROM CURRENT SLAVE) 


8089 AS MASTER (MODE 0) 


TCHGX 


8089 RO INPUT 
(FROM CURRENT SLAVE) 


<+— Any CLK Cycle + 


SINTR 1,2 


pple MASTER FLOATS A/D BUS 


STATUS BUS 


8089 GT INPUT 
(FROM MASTER) 


8089 WAITS FOR BUS 8089 USES BUS 


~<t—8089 FLOATS STATUS BUS 


8089 FLOATS 
A/D BUS 


8089 GT OUTPUT 
(OLD MASTER BECOMES NEW SLAVE) 


8089 FLOATS A/D BUS 


8089 FLOATS 
STATUS BUS 


8089 GT OUTPUT 
(OLD MASTER BECOMES NEW SLAVE) 
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WILL GUARANTEE NON-RECOGNITION UNTIL THE NEXT RISING CLOCK EDGE. 


TCLSRV 


8089 FLOAT 8089 FLOATS A/D BUS 
orerue~) 


8089 RELEASE OUTPUT 
(TO MASTER) 


8089 RELEASES BUS 


TCHGX 


— ~<— TGVCH 


8089 RELEASE INPUT 
(TO MASTER) 
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intel 8089 


WAVEFORMS (Continued) 


EXTERNAL TERMINATE SETUP 


CLK 


TINVCH> 
EXT 1,2 


SEL SETUP AND TIMING 


TSLVCAL —*}+- TCALSLX 
SEL Gy 
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8089 INSTRUCTION SET SUMMARY 


Data Transfers 


LPD P,M_ Load Pointer PPP from Addressed Location 

LPDI P,I Load Pointer PPP Immediate 4 Bytes 

MOVPM,P_ Store Contents of Pointer PPP in Addressed Location 
MOVP P,M_ Restore Pointer 


Source— 
Destination— 
MOV R,M_ Load Register RRR from Addressed Location 
MOV M,R_ Store Contents of Register RRR in Addressed Location 
MOVI R Load Register RRR Immediate (Byte) Sign Extend 
MOVI M Move Immediate to Addressed Location 


MOV M,M_ Move from Source to Destination 


Control Transfer 


OPCODE 


7 07 0 


*CALL Call Unconditional 100 dd AAW!1001 11MM 
JUMP OPCODE 


JMP Unconditional 

JZ Jump on Zero Memory 

JZ Jump on Zero Register 

JNZ Jump on Non-Zero Memory 

JNZ Jump on Non-Zero Register 

JBT Test Bit and Jump if True 

JNBT Test Bit and Jump if Not True 

JMCE Mask/Compare and Jump on Equal 
JMCNE Mask/Compare and Jump on Non-Equal 


Arithmetic and Logic Instructions 


“ADDI M,I ADD Immediate to Memory 


*ADDI R,I ADD Immediate to Register 
TADD M,R ADD Register to Memory 
TADD R,M ADD Memory to Register 


7-62 AFN-00840C 


intel 8089 PRELIMINARY 


ADDI M,I ADD Immediate to Memory 
ADDI R,I ADD Immediate to Register 
ADD M,R-_ ADD Register to Memory 
ADD R,M ADD Memory to Register 


ANDI M,I AND Memory with Immediate 
ANDI R,I AND Register with Immediate 


AND M,R AND Memory with Register 
AND R,M_~ AND Register with Memory 


M,I OR Memory with Immediate 
R,I OR Register with Immediate 
M,R OR Memory with Register 
R,M OR Register with Memory 


NOT R Complement Register 
NOT M Complement Memory 
NOT R,M Complement Memory, Place in Register 


Bit Manipulation and Test Instructions 


Set the Selected Bit 
Clear the Selected Bit 


OPCODE 


TSL Test and Set Lock 0001 1AA0/1001 01MM 


Control 


OPCODE 


Halt Channel Execution 
Set Interrupt Service Flip Flop 


No Operation 
Enter DMA Transfer 
Set Source, Destination Bus Width; S,D 0O=8, 1= 16 
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*II field in call instruction can be 00, 01, 10 only. 
**OPCODE is second byte fetched. 


All instructions consist of at least 2 bytes, while some 
instructions may use up to 3 additional bytes to specify 
literals and displacement data. The definition of the 
various fields within each instruction is given below: 


7 


7 0 


0 
es ea, ee ee 


PPP BBB 


MM Base Pointer Select 


RRR Register Field 


The RRR field specifies a 16-bit register to be used in 
the instruction. If GA, GB, GC or TP, are referenced by 
the RRR field, the upper 4 bits of the registers are load- 
ed with the sign bit (Bit 15). PPP registers are used as 
20-bit address pointers. 


; byte count 

; task block 

; index register 

; channel control (mode) 
; mask/compare 
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NOTES: 


BBB Bit Select Field 


The bit select field replaces the RRR field in bit manipu- 
lation instructions and is used to select a bit to be oper- 
ated on by those instructions. Bit 0 is the least signifi- 
cant bit. 


wb 


01 1 byte literal 
10 2 byte (word) literal 
dd 


01 1 byte displacement 
10 2 byte (word) displacement. 


AA Field 


00 The selected pointer contains the operand address. 

01 The operand address is formed by adding an 8-bit, 
unsigned, offset contained in the instruction to the 
selected pointer. The contents of the pointer are un- 
changed. 

10 The operand address is formed by adding the con- 

tents of the Index register to the selected pointer. 

Both registers remain unchanged. 

Same as 10 except the Index register is post auto- 

incremented (by 1 for 8-bit transfer, by 2 for 16-bit 

transfer). 


—_ 


1 


—_ 


W Width Field 


0 The selected operand is 1 byte long. 
1 The selected operand is 2 bytes long. 


Additional Bytes 


OFFSET : 8-bit unsigned offset. 
SDISP _ : 8/16-bit signed displacement. 
LITERAL: 8/16-bit literal. (82 bits for LDPI). 


The order in which the above optional bytes appear in |OP 
instructions is given below: 


Offsets are treated as unsigned numbers. Literals and 
displacements are sign extended (2’s complement). 
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iAPX 88/20 
NUMERIC DATA PROCESSOR 

# High Performance 2 Chip Numeric = Support 8 Data Types: 8-, 16-, 32-, 64- 
Data Processor Bit Integers, 32-, 64-, 80-Bit Floating 

= Standard iAPX 86/10, 88/10 Instruction Point, and 18-Digit BCD Operands 
Set Plus Arithmetic, Trigonometric # 8x80-Bit Individually Addressable 
Exponential, and Logarithmic Register Stack plus 14 General 
Instructions For All Data Types Purpose Registers 

= All 24 iAPX 86/10, 88/10 Addressing = 7 Built-in Exception Handling 
Modes Available Functions 

= Conforms To Proposed IEEE Floating = MULTIBUS System Compatible 
Point Standard Interface 


The Intel iAPX 86/20 and iAPX 88/20 are two-chip numeric data processors (NDP’s). They provide the instruc- 
tions and data types needed for high-performance numeric applications. The NDP provides 100 times the 
performance of an iAPX 86/10, 88/10 CPU alone for numeric processing. The iAPX 86/20 consists of an iAPX 
86/10 (16-bit 8086 CPU) and a numeric processor extension (NPX), the 8087. The iAPX 86/20 consists of the 
NPX in conjunction with the iAPX 88/10 (8-bit 8088 CPU). The NDP conforms to the proposed IEEE Floating 
Point Standard. 


Both components of the iAPX 86/20 and iAPX 88/20 are implemented in N-channel, depletion load, silicon gate 
technology (HMOS), housed in two 40-pin packages. The iAPX 86/20, 88/20 adds 68 numeric processing 
instructions to the iAPX 86/10, 88/10 instruction set and eight 80-bit registers to the register set. 


MAX MAX 
MODE mooe| 
8086 8088 
GND 40, jv GNp [_|! 401 ] Vcc 
api14[ }2 A15/D15 ania [| 2 39{ ] Ais 
a ae eee api3[ ]3 A16/S3_ aD13 A16/S3 
[_ AD12 1A17/S4 — api2 A17/S4 


}aiwss anit [ 


}a1g9/s6— adio [_ 


8088 
CLOCK or : 

8086 _ BHE/S7 ADS 
REQUEST) QUEUE 
GRANT STATUS 


__ BAE/S7 ~— (HIGH) 
)RQIGT1 aba [ 


j MN/MX 


) INT Ap7 [ -) AD 


DATA AD10 | 
MEMORY ADS [ 


-]RQ/GTO ave RQ/GTO 
‘RQ/GTI 


LOCK 


REQUEST) QUEUE BUSY 
GRANT STATUS 


CLOCK 8087 


Se NC 23] ] BUSY INTR [ | 18 TEST 
22| | READY CLK [ } 19 22 | | READY 
GND [_] 20 21[ ]RESET  GND[_] 20 21{ ] RESET 


Figure 1. iAPX 86/20, 88/20 Block Diagram Figure 2. iAPX 86/20, 88/20 Pin Configuration 
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Table 1. Pin Description 


| Symbol | Type | Name and Function 


AD15-ADO | I/O | Address Data: These lines constitute the time multiplexed memory address (Tj) and data (To, 
T3, Tw, T4) bus. AO is analogous to BHE for the lower byte of the data bus, pins D7—-D0. It is 
LOW during T; when a byte is to be transferred on the lower portion of the bus in memory 
operations. Eight-bit oriented devices tied to the lower half of the bus would normally use AO 


to condition chip select functions. These lines are active HIGH. They are input/output lines for 
8087 driven bus cycles and are inputs which the 8087 monitors when the 8086/8088 is in 
control of the bus. 


A19/S6, Address Memory: During T; these are the four most significant address lines 
A18/S5, for memory operations. During memory operations, status information is available on 
A17/S4, these lines during To, T3, Tw, and Tq. For 8087 controlled bus cycles, S6, S4, and S3 
A16/S3 are reserved and currently one (HIGH), while S5 is always LOW. These lines are inputs which 


the 8087 monitors when the 8086/8088 is in control of the bus. 


Bus High Enable: During T; the bus high enable signal (BHE) should be used to enable data 
onto the most significant half of the data bus, pins D15—D8. Eight-bit oriented devices tied to 
the upper half of the bus would normally use BHE to condition chip select functions. BHE is 
LOW during T for read and write cycles when a byte is to be transferred on the high portion of 
the bus. The S7 status information is available during To, T3, Tw, and T4. The signal is active 
LOW. S7 is an input which the 8087 monitors during 8086/8088 controlled bus cycles. 


Status: For 8087 driven bus cycles, these status lines are encoded as follows: 


$2 so 
0 (LOW) 


1 (HIGH) 


xX Unused 
0 Unused 
1 
0 


Read Memory 

Write Memory 
1 Passive 
Status is driven active during T4, remains valid during T; and To, and is returned to the 
passive state (1, 1, 1) during T3 or during Tw when READY is HIGH. This status is used by the 
8288 Bus Controller to generate all memory access control signals. Any change in $2, S1, or 
SO during Tg is used to indicate the beginning of a bus cycle, and the return to the passive 
state in T3 or Tw is used to indicate the end of a bus cycle. These signals are monitored by the 
8087 when the 8086/8088 is in control of the bus. 


a3nc0oxY 


RQ/GTO Request/Grant: This request/grant pin is used by the NDP to gain control of the local bus from 

the CPU for operand transfers or on behalf of another bus master. It must be connected to one 

of the two processor request/grant pins. The request grant sequence on this pin is as follows: 

1. A pulse one clock wide is passed to the CPU to indicate a local bus request by either the 
8087 or the master connected to the 8087 RQ/GT1 pin. 

2. The NDP waits for the grant pulse and when it is received will either initiate bus transfer 
activity in the clock cycle following the grant or pass the grant out on the RQ/GT1 pinin this 
clock if the initial request was for another bus master. 

3. The 8087 will generate a release pulse to the CPU one clock cycle after the completion of 

the last NDP bus cycle or on receipt of the release pulse from the bus master on RQ/GT1. 
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Table 1. Pin Description (Continued) 


| Symbol —_| Type | Name and Function 


RQ/GT1 /O | Request/Grant: This request/grant pin is used by another local bus master to force the NDP 
to release the local bus at the end of the processor's current bus cycle. If the NDP is not in 
control of the bus when the request is made the request/grant sequence is passed through 
the NDP on the RQ/GTO pin one cycle later. Subsequent grant and release pulses are also 
passed through the NDP with a two and one clock delay, respectively, for resynchronization. 
RQ/GT1 has an internal pullup resistor, and so may be left unconnected. If the NDP has 
control of the bus the request/grant sequence is as follows: 

1. Apulse 1 CLK wide from another local bus master indicates a local bus request to the 8087 


(pulse 1). 


2. During the NDP’s next T4 or T; a pulse 1 CLK wide from the 8087 to the requesting master 
(pulse 2) indicates that the 8087 has allowed the local bus to float and that it will enter the 
“RQ/GT acknowledge” state at the next CLK. The NDP’s control unit is disconnected 
logically from the local bus during “RQ/GT acknowledge.” 


. A pulse 1 CLK wide from the requesting master indicates to the 8087 (pulse 3) that the 
“RQ/GT” request is about to end and that the 8087 can reclaim the local bus at the next 
CLK. 


Each master-master exchange of the local bus is a sequence of 3 pulses. There must be one 
dead CLK cycle after each bus exchange. Pulses are active LOW. 


QS1, QS1, QS0: QS1 and QSO provide the 8087 with status to allow tracking of the CPU 
QSO instruction queue. 
QSs1 Qso 
0 (LOW) 0 No Operation 
0 1 First Byte of Op Code from Queue 
| 1 (HIGH) 0 Empty the Queue 
1 1 Subsequent Byte from Queue 


INT Interrupt: This line is used to indicate that an unmasked exception has occurred during 
numeric instruction execution when 8087 interrupts are enabled. This signal is typically 
routed to an 8259A. INT is active HIGH. 

BUSY Busy: This signal indicates that the 8087 NEU is executing a numeric instruction. It is 
connected to the CPU’s TEST pin to provide CPU-NDP synchronization. In the case of an 
unmasked exception BUSY remains active until the exception is cleared. BUSY is active HIGH. 

READY Ready: READY is the acknowledgment from the addressed memory device that it will 
complete the data transfer. The RDY signal from memory is synchronized by the 8284A Clock 
Generator to form READY. This signal is active HIGH. 

RESET Reset: RESET causes the processor to immediately terminate its present activity. The signal 
must be active HIGH for at least four clock cycles. RESET is internally synchronized. 

CLK 


Clock: The clock provides the basic timing for the processor and bus controller. It is asym- 
metric with a 33% duty cycle to provide optimized internal timing. 


Veo | Power: Vcc is the +5V power supply pin. 
|GND fe Ground: GND are the ground pins. 
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APPLICATION AREAS 


The iAPX 86/20 and iAPX 88/20 provide functions 
meant specifically for high performance numeric 
processing requirements. Trigonometric, logarith- 
mic, and exponential functions are built into the 
processor hardware. These functions are essential 
in scientific, engineering, navigational, or military 
applications. 


The NDP also has capabilities meant for business or 
commercial computing. An iAPX 86/20, 88/20 can 
process Binary Coded Decimal (BCD) numbers up 
to 18 digits without roundoff errors. It can also per- 
form arithmetic on integers as large as 64 bits 
(+10'8). 


PROGRAMMING LANGUAGE SUPPORT 


Programs for the iAPX 86/20 and iAPX 88/20 can be 
written in ASM-86, the iAPX 86,88 assembly lan- 
guage, and in PL/M-86, FORTRAN-86, and PASCAL- 
86 Intel’s high-level languages for iAPX 86, 88 
systems. 


Details 


The remainder of the data sheet will concentrate on 
the numeric processor extension (refered to as NPX 
or 8087). For iAPX 86/10 or iAPX 88/10 CPU details 
refer to those respective data sheets. 


FUNCTIONAL DESCRIPTION 


The iAPX 86/20, 88/20 Numeric Data Processor’s ar- 
chitecture is designed for high performance 
numeric computing in conjunction with general 
purpose processing. 


The 8087 is a numeric processor extension that 
provides arithmetic and logical instruction support 
for a variety of numeric data types in iAPX 86/20, 
88/20 systems. It also executes numerous built-in 
transcendental functions (e.g., tangent and log 
functions). The 8087 executes instructions as a 
coprocessor to a maximum mode 8086 or 8088. It 
effectively extends the register and instruction set of 
an iAPX 86/10 or 88/10 based system and adds 
several new data types as well. Figure 3 presents the 
registers of the iAPX 86/20. Table 2 shows the range 
of data types supported by the NDP. The 8087 is 
treated as an extension to the iAPX 86/10 or 88/10, 
providing register, data types, control, and instruc- 
tion capabilities at the hardware level. At the pro- 
grammers level the iAPX 86/20, 88/20 is viewed as a 
single unified processor. 


iAPX 86/20, 88/20 System Configuration 


As a coprocessor to an 8086 or 8088, the 8087 is 
wired in parallel with the CPU as shown in Figure 4. 
The CPU’s status (SO-S2) and queue status lines 
(QS0-QS1) enable the 8087 to monitor and decode 


iAPX 86/20, 88/20 


iAPX 86/10, 88/10 


16 FILE: 0 79 #8678 


DATA FIELD TAG FIELD 
64 63 | 0 


R1 | SIGN | EXPONENT | 
a 


Figure 3. iAPX 86/20 Architecture 


AFN-01820B 


intel iAPX 86/20, 88/20 PRELIMINARY 


Table 2. iAPX 86/20 Data Types 


rormat | 7 o7 of o7 o7 ov ov of of” o7 o 
Byte Integer 8 Bits Two’s Complement 


Word Integer ao Two’s Complement 


Short integer orl ae eee Two's Complement 


. 
pacreasco | 10% | veomte | s[— ox —SSSS~i 


conto | 10 | aem | Sle SF Faromp 
congreat | 109 [soe | S[eio egFy Fa Fo mn 
woperres | | eae [afew eee 


Integer: | Real: (-1)9(2=-BIAS)(Fo6F,. . .) 


Packed BCD: (At ay, . Do) Bias=127 for Short Real 
1023 for Long Real 
16383 for Temp Real 


INTR 


8086/8088 
CLK “CPU 


RQ/GT1 
cee wy MULTIMASTER 
INTERFACE re 
QS0 QS1 BUSY COMPONENTS 
clock Ra/aT0 
GENERATOR 
8087 
saa NDP 


RQ/GT1 


——— 


RQ/GT 


MULTIMASTER LOCAL BUS 


TS me 


8089 
10 


Figure 4. NDP System Configuration 
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instructions in synchronization with the CPU and 
without any CPU overhead. Once started the 8087 
can process in parallel with and independent of the 
host CPU. For resynchronization, the NPX’s BUSY 
signal informs the CPU that the NPX is executing an 
instruction and the CPU WAIT instruction tests this 
signal to insure that the NPX is ready to execute 
subsequent instructions. The NPX can interrupt the 
CPU when it detects an error or exception. The 
8087’s interrupt request line is typically routed to 
the CPU through an 8259A Programmable Inter- 
rupt Controller. (See Figure 2 for 8087 pinout 
information.) 


The 8087 uses one of the request/grant lines of the 
iAPX 86, 88 architecture (typically RQ/GT1) to obtain 
control of the local bus for data transfers. The other 
request/grant line is available for general system use 
(for instance by an I/O processor in LOCAL mode). A 
bus master can also be connected to the 8087's 
RQ/GT1 line. In this configuration the 8087 will pass 
the request/grant handshake signals between the 
CPU and the attached master when the 8087 is notin 
control of the bus and will relinquish the bus to the 
master directly when the 8087 is in control. In this 
way two additional masters can be configured in an 
iAPX 86/20, 88/20 system; one will share the 8086 
bus with the 8087 on a first come first served basis, 
and the second will be guaranteed to be higher in 
priority than the 8087. 


As Figure 4 shows, all processors utilize the same 
clock generator and system bus interface compo- 
nents (bus controller, latches, transceivers and bus 
arbiter). 


Bus Operation 


The 8087 bus structure, operation and timing are 
identical to all other processors in the iAPX 86, 88 
series (maximum mode configuration). The address 
is time multiplexed with the data on the first 16/8 
lines of the address/data bus. A16 through A19 are 
time multiplexed with four status lines S3-S6. S3, S4 
and S6 are always one (high) for 8087 driven bus 
cycles while S5 is always zero (low). When the 8087 
is monitoring CPU bus cycles (passive mode) S6 is 
also monitored by the 8087 to differentiate 
8086/8088 activity from that of a local I/O processor 
or any other local bus master. (The 8086/8088 must 
be the only processor on the local bus to drive S6 
low.) S7 is multiplexed with and has the same value 
as BHE for all 8087 bus cycles. 


The first three status lines, S0-S2, are used with an 
8288 bus controller to determine the type of bus 


cycle being run: 


So 


X Unused 

0 Unused 

1 Memory Data Read 

0 Memory Data Write 

1 Passive (no bus 
cycle) 


$2 
0 
1 
1 
1 
1 
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Programming Interface 


The NDP includes the standard iAPX 86/10, 88/10 
instruction set for general data manipulation and 
program control. It also includes 68 numeric 
instructions for extended precision integer, floating 
point, trigonometric, logarithmic, and exponential 
functions. Sample execution times for several NDP 
functions are shown in Figure 4. Overall iAPX 86/20 
system performance is 100 times that of an iAPX 
86/10 class processor for numeric applications. 


Any instruction executed by the NDP is the 
combined result of the CPU and NPX activity. The 
CPU and the NPX have specialized functions and 
registers providing fast concurrent operation. The 
CPU controls overall program execution while the 
NPX uses the coprocessor interface to recognize 
and perform numeric operations. 


Table 2 lists the eight data types the iAPX 86/20, 
88/20 supports and presents the format for each 
type. Internally, the NPX holds all numbers in the 
temporary real format. Load and store instructions 
automatically convert operands represented in 
memory as 16-, 32-, or 64-bit integers, 32- or 64-bit 
floating point numbers or 18-digit packed BCD 
numbers into temporary real format and vice versa. 
The NDP also provides the capability to control 
round off, underflow, and overflow errors in each 
calculation. 


Computations in the NPX use the processor’s regis- 
ter stack. These eight 80-bit registers provide the 
equivalent capacity of 20 32-bit registers. The NPX 
register set can be accessed as a stack, with instruc- 
tions operating on the top one or two stack ele- 
ments, or as a fixed register set, with instructions 
operating on explicitly designated registers. 


Table 5 lists the 8087’s instructions by class. All ap- 
pear as ESCAPE instructions to the host. Assembly 
language programs are written in ASM-86, the iAPX 
86, 88 assembly language. Table 3 gives the execu- 
tion times of some typical numeric instructions. 
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Table 3. Execution Time for Selected iAPX 86/20 
Numeric Instructions and Corresponding 
iAPX 86/10 Emulation 


Approximate Execution 
Time (us) 


Floating Point 
instruction iAPX 86/20 iAPX 86/10 
(5 MHz 
Clock) Emulation 

Add/Subtract Magnitude 14/18 1,600 

Multiply (single 
precision) 1,600 

Multiply (extended 
precision) 2,100 

Divide 3,200 

Compare 1,300 

Load (double precision) 1,700 

Store (double precision) 1,200 

Square Root 19,600 

Tangent 13,000 

Exponentiation 17,100 


| 
| 
| 
| 


ADDRESSING & 
BUS TRACKING 
EXCEPTION 
POINTERS 


iAPX 86/20, 88/20 


EXPONENT 
MODULE 


NEU INSTRUCTION MICROCODE 
CONTROL 
| UNIT 
DATA 
BUFFER 16 
OPERANDS 
QUEUE 
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NUMERIC PROCESSOR 
EXTENSION ARCHITECTURE 


As shown in Figure 5, the 8087 is internally divided 
into two processing elements, the control unit (CU) 
and the numeric execution unit (NEU). The NEU 
executes all numeric instructions, while the CU 
receives and decodes instructions, reads and writes 
memory operands and executes NPX control in- 
structions. The two elements are able to operate 
independently of one another, allowing the CU to 
maintain synchronization with the CPU while the 
NEU is busy processing a numeric instruction. 


Control Unit 


The CU keeps the 8087 operating in synchronization 
with its host CPU. 8087 instructions are intermixed 
with CPU instructions in a single instruction stream. 
The CPU fetches all instructions from memory; by 
monitoring the status signals (SO-S2, S6) emitted by 
the CPU, the NPX control unit determines when an 


EXPONENT FRACTION 
BUS BUS 


INTERFACE 


16 


PROGRAMMABLE 
SHIFTER 
ARITHMETIC 
MODULE 


68 


TEMPORARY 
REGISTERS 


Figure 5. 8087 Block Diagram 
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8086 instruction is being fetched. The CU monitors 
the Data bus in parallel with the CPU to obtain in- 
structions that pertain to the 8087. 


The CU maintains an instruction queue that is identi- 
Cal to the queue in the host CPU. The CU automatic- 
ally determines if the CPU is an 8086 or an 8088 
immediately after reset (by monitoring the BHE/ S7 
line) and matches its queue length accordingly. By 
monitoring the CPU's queue status lines (QSO, QS1), 
the CU obtains and decodes instructions from the 
queue in synchronization with the CPU. 


A numeric instruction appears as an ESCAPE in- 
struction to the 8086 or 8088 CPU. Both the CPU and 
NPX decode and execute the ESCAPE instruction 
together. The 8087 only recognizes the numeric in- 
structions shown in Table 5. The start of a numeric 
operation is accomplished when the CPU executes 
the ESCAPE instruction. The instruction may or may 
not identify a memory operand. 


The CPU does, however, distinguish between ESC 
instructions that reference memory and those that 
do not. If the instruction refers to a memory operand, 
the CPU calculates the operand’s address using any 
one of its available addressing modes, and then per- 
forms a “dummy read” of the word at that location. 
(Any location within the 1M byte address space is 
allowed.) This is a normal read cycle except that the 
CPU ignores the data it receives. If the ESC instruc- 
tion does not contain a memory reference (e.g. an 
8087 stack operation), the CPU simply proceeds to 
the next instruction. 


An 8087 Instruction can have one of three memory 
reference options: (1) not reference memory; (2) 
load an operand from memory into the 8087; or (3) 
store an operand from the 8087 into memory. If no 
memory reference is required, the 8087 simply ex- 
ecutes its instruction. If a memory reference is re- 
quired, the CU uses a “dummy read” cycle initiated 
by the CPU to capture and save the address that the 
CPU places on the bus. If the instruction is a load, 
the CU additionally captures the data word when it 
becomes available on the local data bus. If data 
required is longer than one word, the CU immedi- 
ately obtains the bus from the CPU using the 
request/grant protocol and reads the rest of the in- 
formation in consecutive bus cycles. In a store oper- 
ation, the CU captures and saves the store address 
as inaload, and ignores the data word that follows in 
the “dummy read” cycle. When the 8087 is ready to 
perform the store, the CU obtains the bus from the 
CPU and writes the operand starting at the specified 
address. 


Numeric Execution Unit 


The NEU executes all instructions that involve the 
register stack; these include arithmetic, logical, 
transcendental, constant and data transfer instruc- 
tions. The data path in the NEU is 84 bits wide (68 
fraction bits, 15 exponent bits and a sign bit) which 
allows internal operand transfers to be performed at 
very high speeds. 


When the NEU begins executing an instruction, it 
activates the 8087 BUSY signal. This signal can be 
used in conjunction with the CPU WAIT instruction 
to resynchronize both processors when the NEU has 
completed its current instruction. 


Register Set 


The iAPX 86/20 register set is shown in Figure 3. 
Each of the eight data registers in the 8087’s register 
stack is 80 bits wide and is divided into “fields” 
corresponding to the NDP’s temporary real data 


type. 


At a given point in time the TOP field in the control 
word identifies the current top-of-stack register. A 
“push” operation decrements TOP by 1 and loads a 
value into the new top register. A “pop” operation 
stores the value from the current top register and 
then increments TOP by 1. Like iAPX 86/10, 88/10 
stacks in memory, the 8087 register stack grows 
“down” toward lower-addressed registers. 


Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the top of the stack. These instruc- 
tions implicitly address the register pointed to by the 
TOP. Other instructions allow the programmer to 
explicitly specify the register which is to be used. 
Explicit register addressing is “top-relative.” 


Status Word 


The status word shown in Figure 6 reflects the over- 
all state of the 8087; it may be stored in memory and 
then inspected by CPU code. The status word is a 
16-bit register divided into fields as shown in Figure 
6. The busy bit (bit 15) indicates whether the NEU is 
either executing an instruction or has an interrupt 
request pending (B = 1), or is idle (B = 0). Several 
instructions which store and manipulate the status 
word are executed exclusively by the CU, and these 
do not set the busy bit themselves. 
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15 0 


(VIR is set if any unmasked exception bit is set, cleared otherwise. 


(2)See Table 3 for condition code interpretation. 


‘3)Top Values: 
000 = Register 0 is Top of Stack. 
001 = Register 1 is Top of Stack. 
e 


111 = Register 7 is Top of Stack. 


EXCEPTION FLAGS (1 = EXCEPTION HAS OCCURRED) 


INVALID OPERATION 
DENORMALIZED OPERAND 
ZERO DIVIDE 
OVERFLOW 
UNDERFLOW 
PRECISION 

(RESERVED) 

INTERRUPT REQUEST" 

CONDITION CODE” 

TOP OF STACK POINTER”) 

NEU BUSY 


Figure 6. 8087 Status Word 


The four numeric condition code bits (Co—C3) are 
similar to the flags in a CPU: various instructions 
update these bits to reflect the outcome of NDP 
operations. The effect of these instructions on the 
condition code bits is summarized in Table 4. 


Bits 14-12 of the status word point to the 8087 regis- 
ter that is the current top-of-stack (TOP) as 
described above. 


Bit 7 is the interrupt request bit. This bit is set if any 
unmasked exception bit is set and cleared other- 
wise. 


Bits 5-O are set to indicate that the NEU has 
detected an exception while executing an instruc- 
tion. 
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Tag Word 


The tag word marks the content of each register as 
shown in Figure 7. The principal function of the tag 
word is to optimize the NDP’s performance. The tag 
word can be used, however, to interpret the contents 
of 8087 registers. 


Instruction and Data Pointers 


The instruction and data pointers (see Figure 8) are 
provided for user-written error handlers. Whenever 
the 8087 executes an NEU instruction, the CU saves 
the instruction address, the operand address (if 
present) and the instruction opcode. 8087 instruc- 
tions can store this data into memory. 
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Table 4. Condition Code Interpretation 


Compare, Test 
? B (not comparable) 


Remainder Complete reduction 
Incomplete reduction 


Examine Valid, positive, unnormalized 
Invalid, positive, exponent # 0 
Valid, negative, unnormalized 
Invalid, negative, exponent # 0 
Valid, positive, normalized 
Infinity, positive 

Valid, negative, normalized 
Infinity, negative 

Zero, positive 

Empty 

Zero, negative 

Empty 

Invalid, positive, exponent = 0 
Empty 

Invalid, negative, exponent = 0 
Empty 


A 
A 
A 
A 


cc}-+-+-o0o0o0 


-=-2--Q000 +--+ += $$ DDdO0O]/ + Of K K K K 


X 
X 
X 
X 
U 
U 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 


ee fe ee ee ee oe Tore tona ke repo nt=) 


X = value is not affected by instruction 
U = value is undefined following instruction 


15 0 


15 0 


INSTRUCTION POINTER (15-0) 


TAG VALUES: INSTRUCTION POINTER INSTRUCTION OPCODE (10-0) 
00 = VALID (19-16) 

01 = ZERO 

10 = SPECIAL DATA POINTER (15-0) 


11 = EMPTY 


Figure 7. 8087 Tag Word Figure 8. 8087 Instruction and Data Pointers 
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Control Word 


The 8087 provides several processing options which 
are selected by loading a word from memory into the 
control word. Figure 9 shows the format and encod- 
ing of the fields in the control word. 


The low order byte of this control word configures 
8087 interrupts and exception masking. Bits 5-0 of 
the control word contain individual masks for each 
of the six exceptions that the 8087 recognizes and 
bit 7 contains a general mask bit for all 8087 in- 
terrupts. The high order byte of the control word 
configures the 8087 operating mode including 
precision, rounding, and infinity controls. The preci- 
sion control bits (bits 9-8) can be used to set the 
8087 internal operating precision at less than the 
default of temporary real precision. This can be use- 
ful in providing compatibility with earlier generation 
arithmetic processors of smaller precision than the 
8087. The rounding control bits (bits 11-10) provide 
for directed rounding and true chop as well as the 
unbiased round to nearest mode specified in the 
proposed IEEE standard. Control over closure of the 
number space at infinity is also provided (either 
affine closure, +~, or projective closure, ~, is treated 
as unsigned, may be specified). 


Exception Handling 


The 8087 detects six different exception conditions 
that can occur during instruction execution. Any or 
all exceptions will cause an interrupt if unmasked 
and interrupts are enabled. 


If interrupts are disabled the 8087 will simply con- 
tinue execution regardless of whether the host 
clears the exception. If a specific exception class is 
masked and that exception occurs, however, the 
8087 will post the exception in the status register 
and perform an on-chip default exception handling 
procedure, thereby allowing processing to continue. 
The exceptions that the 8087 detects are the 
following: 


1. INVALID OPERATION: Stack overflow, stack un- 
derflow, indeterminate form (0/0, ~— »~, etc.) or 
the use of a Non-Number (NAN) as an operand. 
An exponent value is reserved and any bit pattern 
with this value in the exponent field is termed a 
Non-Number and causes this exception. If this 
exception is masked, the 8087’s default response 
is to generate a specific NAN called INDEFINITE, 
or to propagate already existing NANSs as the cal- 
culation result. 


15 0 


'2)Rounding Control 
00 = Round to Nearest or Even 
01 = Round Down (toward — =) 
10 = Round Up (toward + ~) 
11 = Chop (truncate toward zero) 


")Precision Control 
00 = 24 bits 
01 = Reserved 
10 = 53 bits 
11 = 64 bits 


EXCEPTION MASKS (1 = EXCEPTION IS MASKED) 


INVALID OPERATION 
DENORMALIZED OPERAND 
ZERO DIVIDE 
OVERFLOW 
UNDERFLOW 
PRECISION 
(RESERVED) 
INTERRUPT MASK (1 = INTERRUPTS ARE MASKED) 
PRECISION CONTROL” 
ROUNDING CONTROL” 
INFINITY CONTROL (0 = PROJECTIVE, 1 = AFFINE) 
(RESERVED) 


Figure 9. 8087 Control Word 


7-75 


AFN-01820B 


iAPX 86/20, 88/20 PRELIMINARY 


intel 


5. DENORMALIZED OPERAND: At least one of the 


2. OVERFLOW: The result is too large in magnitude 


to fit the specified format. The 8087 will generate 
an encoding for infinity if this exception is 
masked. 


. ZERO DIVISOR: The divisor is zero while the divi- 
dend is a non-infinite, non-zero number. Again, 
the 8087 will generate an encoding for infinity if 
this exception is masked. 


. UNDERFLOW: The result is non-zero but too 
small in magnitude to fit in the specified format. If 
this exception is masked the 8087 will 
denormalize (shift right) the fraction until the ex- 
ponent is in range. This process is called gradual 
underflow. 
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operands or the result is denormalized; it has the 
smallest exponent but a non-zero significand. 
Normal processing continues if this exception is 
masked off. 


. INEXACT RESULT: If the true result is not exactly 


representable in the specified format, the result 
is rounded according to the rounding mode, and 
this flag is set. If this exception is masked, pro- 
cessing will simply continue. 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under Absolute 


Maximum Ratings may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Ambient Temperature Under Bias........... 0°C to 70°C tion of the device at these or any other conditions above 
Storage Temperature ................. —65°C to +150°C those indicated in the operational sections of this 
Voltage on Any Pin with specification is not implied. Exposure to absolute maxi- 

Respect to Ground.................05. —1.0V to +7V mum rating conditions for extended periods may affect 
POWGr DISSGIDGHON .isicicedvsdatsdaneesesvapes 3.0 Watt device reliability. 


D.C. CHARACTERISTICS (T, = 0°C to 70°C, Voc =+5V +10%) 


[symbot | ___Parameter_____—(| Min. | Max. | Units | TestConditions 

[Vin inputigh Vorage —=S~*dt~CO | Veo vos] v | 

Von [Output High Vorage——SSSS=CR 

uw ‘ork 

[to a 
V 


é 


OH 
Icc 
[Ve [Glock input Lowvotage «df 0s | os | v | 
[Ven [clock input High Votage _——*«| a8 |vec+io) v | SSS 
cw [capacitance of mputs | || ftom tw 
Te 


C Capacitance of I/O Buffer 
(ADO-15, Ayg—-Aj9, BHE, S2-SO, 
RQ/GT) and CLK 
A.C. CHARACTERISTICS (T, = 0°C to 70°C, Veg = +5V +10%) 
TIMING REQUIREMENTS 


Test Conditions 


(24 TCLCL) - 15 
(Ys TCLCL) + 2 


From 1.0V to 3.5V 


From 3.5V to 1.0V 


cits. I) ail 
oO; oO 


(STCLCL) — 18 
TCHRYX 

TCHGX 4 
TQVCL 

10 
Status Inactive Setup Time 

TILIH 


Input Rise Time (Except CLK) 


TIHIL Input Fall Time (Except CLK) 


oO 


From 0.8V to 2.0V 


From 2.0V to 0.8V 


ine) 
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A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 


TCLML |Command Active Delay (See Note 1) 


in. 
| 10 
TTCLMH [Command inactive Delay (See Note) | 10 
-TRVHSH [Ready Active to Status Passive (SeeNate2) | ____ 
10 | 
| 10 
10 
“10 


Test Conditions 


TOLAX 

Status Valid to ALE High (See Note 1) PT 15] ons | 
CLK Low to ALE Valid (See Note 1) a 
PTCLDV [Data Valid Delay SSS*| ~~‘ 110 | _ns_|8087 Outputs (in addition 
FTOVNV [Control Active Delay (SeeNote1) =| «8 | 45 | ns 
FTOVNX [Control Inactive Delay (See Note 1) —*(|~—10~*«|~45 | ns 
[TOHBV _|BUSYandINT Valid Delay _——=—=SSS*d| ~~; ~«'180~*| ns 
FTCHOTL [Direction Control Active Delay (See Note 1) | | 60 | ns 
[TCHDTH Direction Control inactive Delay (See Note 1) | (| 90 | ns 
PTCLGH |RG/GT Inactive Delay ———=——S—S~*d SCS *| «8 | ns addition to 8087 selt-oad) 
[TOLOH [Output Rise Time ———=S*~—~—S~“—~SSSSS*;SC | ns ‘rom BV tO OV 

Le 


TOHOL |Output Fall Time | ons From 2.0V to 0.8V 


NOTES: 

1. Signal at 8284A or 8288 shown for reference only. 
2. Applies only to T3 and wait states. 

3. Applies only to To state (8 ns into T3). 


_ 
NO 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


DEVICE 
UNDER 


1.5 <«——_ TEST POINTS ———® 1.5 TEST 


C, = 100 pF 


1 


0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1° AND 0.45V FOR 
ALOGIC "0." THE CLOCK IS DRIVEN AT 4.3V AND 0.25V. TIMING MEASURE- 
MENTS ARE MADE AT 1.5V FOR BOTH A LOGIC “1” AND “0.” 


C, INCLUDES JIG CAPACITANCE 
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WAVEFORMS 


MASTER MODE 


T, T, 


| 
TCH1CH2 TCL2CL1 
TCLCL Ty, 


H 
TCLSH ——— TCLCH 
Jrovev [+—elrowen ma — 


a) ee 
TCLAV i <— TCHDX 


BHE/S,,A,,/S,-A,,/S, | XK RHE Aw-Ay ( BHEAy-Ay AA ft | ss |) FLOAT 


TSVLH->4 (SEE NOTE 3) 
TCLLH La | = 
ALE (8288 OUTPUT) , 
(SEE NOTES 4, 7) 


READY (8087 INPUT) TCHRYX 
(SEE NOTES 2, 6) 


READ CYCLE 


( _varain| ™) 


8288 OUTPUTS 
(SEE NOTES 7, 8) 


WRITE CYCLE 


SEE 


TCLMH 
8288 OUTPUTS 
(SEE NOTES 7, 8) 4 AMWTC 


NOTES: 


. ALL SIGNALS SWITCH BETWEEN V,, AND V,,, UNLESS OTHERWISE SPECIFIED. 

. RDY IS SAMPLED NEARTHE END OF T,, T, ANDT,, TO DETERMINE IF Ty, 
MACHINE STATES ARE TO BE INSERTED. 

. THE LOCAL BUS FLOATS ONLY IF THE 8087 IS RETURNING CONTROL TO THE 
8086/8088. 

. ALE RISES AT LATER OF (TSVLH, TCLLH). 

. STATUS INACTIVE INSTATEJUST PRIOR TOT,,. 


. READY SHOULD REMAIN ACTIVE UNTIL S,_, BECOME INACTIVE. 
. SIGNALS AT 8284A OR 8288 ARE SHOWN FOR REFERENCE ONLY. 
. THE ISSUANCE OF 8288 COMMAND AND CONTROL SIGNALS MRDC, MWTC, 


AMWC AND DEN) LAGS THE ACTIVE HIGH 8288 CEN. 
. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 
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WAVEFORMS (Continued) 


PASSIVE MODE 


BHE/S,,A,,/S,-A,,/S, 


AD,,-AD, 


<———————— <20 CLK CYCLES 


<8 CLK CYCLES 


TCLDX 


8087 TRACKS 8087 READY TO 


>4 CLK CYCLES CPU ACTIVITY EXECUTE INSTRUCTIONS 


REQUEST/GRANT, 


ANY CLK 


RQ/GTO 


AD,,-AD, 
Ayp/S_~A,,/S, 


BHE/S7 
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WAVEFORMS (Continued) 


REQUEST/GRANT, 


TCLAZ 
AD,,-AD, p 
Ajg/S_-A,,/S, 8087 ALTERNATE MASTER 
eee or aes es ee on Seem ne eErenenenenaanae seinen, 
(SEE NOTE) 


BHE/S7 
OF THE REGION 


NOTE: ALTERNATE MASTER MAY NOT DRIVE THE BUSES OUTSIDE 


SHOWN WITHOUT RISKING BUS CONTENTION. 


BUSY AND INTERRUPT 


BUSY, INT 
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Table 5. 8087 Extensions to the 8086/8088 Instruction Set 


Data Transfer 

FLD = LOAD 

Integer/Real Memory to ST(0) ESCAPE (DISP-H1) 
Long Integer Memory to ST(0) ESCAPE (DISP-HI) 
Temporary Real Memory to ST(0) ESCAPE 0 

BCD Memory to ST(0) ESCAPE 1 0 0 R/M 


ST(i) to ST(0) ESCAPE 0 1 #10 0 0 ST{i) 


FST = STORE 
ST(0) to Integer/Real Memory ESCAPE 


ST(0) to ST(i) ESCAPE 1 0 1 0 ST(i) 


FSTP = STORE AND POP 


ST(0) to Integer/Real Memory 


ST(0) to Long Integer Memory (DISP-LO) (DISP-H1) 


ST(0) to Temporary Real Memory (DISP-LO) (DISP-H1) 


ST(0) to BCD Memory (DISP-LO) (DISP-HI) 


ST(0) to ST(i) 


FXCH = Exchange ST(i) and ST(0) ESCAPE 1 ST(i) 


Comparison 
FCOM = Compare 


integer/Real Memory to ST(0) ESCAPE MF 1 0 R/M (DISP-LO) (DISP-HI) 


ST(i) to ST(0) ESCAPE 1 0 ST(i) 


FCOMP = Compare and Pop 
Integer/Real Memory to ST(0) ESCAPE M 
ST(i) to ST(0) ESCAPE 


FCOMPP = Compare ST(1) to ST(0) 
and Pop Twice 
FTST = Test ST(0) 


FXAM = Examine ST(0) ESCAPE 


Mnemonics © Intel 1980 
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Table 5. 8087 Extensions to the 8086/8088 Instruction Set (Continued) 


Arithmetic 765432130765 43231072645 «4321310765 43214160 


FADD = Addition 


Integer/Real Memory with ST(0) ESCAPE MOD 0 0 0O R/M (DISP-LO) 


ST(i) and ST(0) ESCAPE 1 0 0 0 ST(i) 


Uv 
ol; Co 


FSUB = Subtraction 


Oo 


Integer/Real Memory with ST(0) ESCAPE 


oO 


ST(i) and ST(0) ESCAPE 


FMUL = Multiplication 
Integer/Real Memory with ST(0) ESCAPE 


a 
v 
O};O 


ST(i) and ST(0) ESCAPE 


FDIV = Division 


Oo 


Integer/Real Memory with ST(0) ESCAPE 


oOo 


ST(i) and ST(0) ESCAPE 


FSQRT = Square Root of ST(0) ESCAPE 
FSCALE = Scale ST(0) by ST(1) ESCAPE 


FPREM = Partial Remainder of 
ST(0) + ST(1) ESCAPE 


oO 


oO}; CO 
Oo oO1;oO 
sal ok Th ek 
at ak hE ok 
a" —_ |) i 
= ai fl ot 
ahi] os 
—_ i] oo 
—i1 © 
oly] — 
—~11o 


FRNDINT = Round ST(0) 
to Integer ESCAPE 


oO 
= 
_ 
= 
_ 
= 
= 
Oo 
Oo 


FXTRACT = Extract Components 
of ST(0) ESCAPE 


FABS = Absolute Value of ST(0) ESCAPE 


o 


Oo 
Oo i=) 
= = 
= 
= 
ak 
= 
oO 
= 


jo ee) 
O1;o 
—_—ii— 
me 
=}/] a 
ae i ee 
o}1|1 oOo 
fo} a =) 
fo} eo) 
o}}] — 


fo} oe) 


FCHS = Change Sign of ST(0) ESCAPE 


Transcendental 
FPTAN = Partial Tangent of ST(0) ESCAPE 


Oo 
i=) 


FPATAN = Partial Arctangent of 
ST(0) + ST(1) ESCAPE 


F2xM1 = 2 97(0)_4 ESCAPE 


OLTJOlT;oO 
O1Tfot}]o oO 
— ifaw) i a —_ 
—_ i i ot —_ 
—_ i i at —_ 
—_— ii _ 
—_ —_ 
Oo oO 
Oo oO 
—_ ~_ 
o}ja 


FYL2X = ST(1) - Logo [ST(0)] ESCAPE 


oO 
oO 
_ 
= 
=" 
wal 
wail 
wid 
Oo 
oO 
wai 


FYL2XP1 = ST(1) - Logo [ST(0) + 1] ESCAPE 


Constants 
FLDZ = LOAD + 0.0 into ST(0) ESCAPE 


=}}]— 
Ollo 
kt ak 

inf 
oO}; O 


FLD1 = LOAD + 1.0 into ST(0) ESCAPE 
FLDPI = LOAD z= into ST(0) ESCAPE 


wali 
soil 
alk 
oO 
alk 
oO 
lb 


FLDL2T = LOAD Iogp 10 into ST(0) ESCAPE 


= 
— 
= 
oO 
anil 
os 


SO}, O]}] O]] Clyo 
OF TCT] OT Colyo 
=a}) a} )/ a} ] ay} ao 

inal 

Oo 

= 
OF, CO] Oo 

=k 

=é 


i=) 

oO 

mal 
ny ee 
mk | ok 
re 
oO}; o 
={}— 
ay bee 
oO1| oO 
=—|}/O1;O 


FLDL2E = LOAD logo e into ST(0) ESCAPE 
FLDLG2 = LOAD log j9 2 into ST(0) ESCAPE 


oO 
oO 
ill 


FLDLN2 = LOAD loge 2 into ST(0) ESCAPE 
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Table 5. 8087 Extensions to the 8086/8088 Instruction Set (Continued) 


76543210 76543210765 43213107 «6 54321 «0 


Processor Control 


oO 
anal 
= 
ak 
ih 
ins 
Oo 
—_ 
ae 


oO 
— 
= 
maki 
al 
—_ 
oO 
lou eo) 


FINIT = Initialize NDP ESCAPE 


O};}|oO 


FENI = Enable Interrupts ESCAPE 0 0 

FLDCW = Load Control Word MOD_ 1 0 1 P/M 
FSTCW = Store Control Word MOD 1 1 1. R/M 
FCLEX = Clear Exceptions ESCAPE Oo 1 1 1 1 10 00 41 #0 

FSTENV = Store Environment MOD 1 1 0 R/M 
FLDENV = Load Environment MOD 1 0 0 P/M 
FSAVE ~ Save Sat MoD 10 AM 
FRSTOR = Restore State ESCAPE 1 0 1 {MOD 1 0 0 R/M 


FINCSTP = Increment Stack Pointer ESCAPE 


oO 
oO 
= 
= 
_ 
ak 
_ 
oO 
‘al 
ak 
=k 


FDECSTP = Decrement Stack Pointer ESCAPE 0 0 1 1 1 tt 7 O FT 1 O 
FFREE = Free ST(i) ESCAPE 10141 14 00 0-— STi) 
FNOP = No Operation ESCAPE 0 0 1 7f1 1 010 0 0 0 
FWAIT = CPU Wait for NDP 1 0 0 + TF O TT 1 
FOOTNOTES: 
if mod=00 then DISP=0%, disp-low and disp-high are absent ST(0)= Current stack top 
if mod=01 then DISP=disp-low sign-extended to 16-bits, ST(i)= __i'” register below stack top 
disp-high is absent 
if mod= 10 then DISP=disp-high; disp-low d= Destination 
if mod=11 then r/m is treated as an ST(i) field 0 — Destination is ST(0) 
1 — Destination is ST(i) 
P= Pop 
if r/m=000 then EA = (BX) +(SI) +DISP 0 — No pop 
if r/m=001 then EA = (BX) +(DI) +DISP 1 — Pop ST(0) 
if r/m=010 then EA = (BP) +(SI) +DISP 
if r/m=011 then EA=(BP)+(DI) +DISP R= Reverse 
if r/m= 100 then EA=(SI) +DISP 0 — Destination (op) Source 
if r/m=101 then EA=(DI) +DISP 1 — Source (op) Destination 
if r/m=110 then EA = (BP) + DISP* 
if r/m=111 then EA = (BX) + DISP For FSQRT: -0 < ST(0) < + 
For FSCALE: —2'5 < ST(1) < +2'* and ST(1) integer 
“except if mod = 000 and r/m = 110 then EA = disp-high: disp-low. For F2XM1: 0=S8T(0) = 2~ 
For FYL2x: 0<ST(0)<© 
MF = Memory Format —0 <ST(1)<+ 
00 — 32-bit Real For FYL2XP1: 0< IST(O)I < (2-/2)/2 
01 — 32-bit Integer —0 < ST(1) < 0 
10 — 64-bit Real For FPTAN: 0 < ST(0) < n/4 
11 — 16-bit Integer For FPATAN: 0 < ST(0) < ST(1) < + 


Mnemonics © Intel 1980 
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8282/8283 
OCTAL LATCH 


= Address Latch for iAPX 86, 88, a 3-State Outputs 
MCS-80°, MCS-85®, MCS-48® Families 


a High Output Drive Capability for 


Driving System Data Bus a 20-Pin Package with 0.3” Center 
a Fully Parallel 8-Bit Data Register and 

ain = No Output Low Noise when Entering 
= Transparent during Active Strobe or Leaving High Impedance State 


The 8282 and 8283 are 8-bit bipolar latches with 3-state output buffers. They can be used to implement latches, buffers. 
or multiplexers. The 8283 inverts the input data at its outputs while the 8282 does not. Thus, all of the principal periph 
eral and input/output functions of a microcomputer system can be implemented with these devices. 
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Figure 1. Logic Diagrams Figure 2. Pin Configurations 
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Table 1. Pin Description FUNCTIONAL DESCRIPTION 


Description 


STROBE (Input). STB is an input control The 8282 and 8283 octal latches are 8-bit latches with 
pulse used to strobe data at the data input 3-state output buffers. Data having satisfied the setup 
pins (Ap-A7) into the data latches. This time requirements is latched into the data latches by 
Signal is active HIGH to admit input data. strobing the STB line HIGH to LOW. Holding the STB 
The data is latched at the HIGH to LOW line in its active HIGH state makes the latches appear 
transition of STB. transparent. Data is presented to the data output pins by 
OUTPUT ENABLE (input). OE is an input activating the OE input line. When OE is inactive HIGH 
control signal which when active LOW the output buffers are in their high impedance state. 
enables the contents of the data latches Enabling or disabling the output buffers will not cause 
onto the data output pin (Bp-B7). OE being negative-going transients to appear on the data output 
inactive HIGH forces the output buffers to bus. 

their high impedance state. 

DATA INPUT PINS (Input). Data presented 

at these pins satisfying setup time re- 

quirements when STB is strobed and 

latched into the data input latches. 


DATA OUTPUT PINS (Output). When OE is 
true, the data in the data latches is pre- 
sented as inverted (8283) or non-inverted 
(8282) data onto the data output pins. 


7-86 AFN-00727C 


intel 8282/8283 


ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Temperature Under Bias................. 0°C to 70°C tion of the device at these or any other conditions above 
Storage Temperature............. — 65°C to + 150°C those indicated in the operational sections of this specifi- 
All Output and Supply Voltages........ -0.5V to +7V cation is not implied. Exposure to absolute maximum 
All Input Voltages.................. -—1.0V to +5.5V rating conditions for extended periods may affect device 
Power DISSIDAUON. ....600ccevascvensavecaccne 1 Watt reliability. 


D.C. CHARACTERISTICS (Vcc = 5V +10%, Ta = 0°C to 70°C) 


—symbot [Parameter 
[ve | tabu Camp votage 

tec | Power Supply Curent 

Tie | Forward input Curent 

yt | Reverse Input Curent 

[Vor | Output tow Voltage 
- von | 

a 

a 

a 


[lon = 5m 


Vc 
loc 
VoL 
Vou 
Vit 
Vin 


Veias= 2.5V, Voc = 5V 
Ta = 25°C 


1. Output Loading Io, = 32MA, loy = —SMA, C, = 300 pF. 


A.C. CHARACTERISTICS 3 (Vcc = 5V +10%, Ta = 0°C to 70°C 
Loading: Outputs — Io, = 32 mA, Ion = —5 mA, Cy, = 300 pF) 


TIVOV Input to Output Delay (See Note 1) 
—Inverting 
—Non-Inverting 


TSHOV STB to Output Delay 
—Inverting 
—Non-Inverting 


TEHOZ Output Disable Time 


From 0.8V to 2.0V 
From 2.0V to 0.8V 


NOTE: 
1. See waveforms and test load circuit on following page. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 


INPUT/OUTPUT 


1.5 <—— TEST POINTS ——® 1.5 


0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1° AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 


LOGIC “1° AND “0.” 


OUTPUT TEST LOAD CIRCUITS 


1.5V 2.14V 


1.5V : 
332 180Q 52.72 
OUT OUT OUT 
T 300 pF 


3-STATE TO VoL 3-STATE TO Von SWITCHING 


7-88 AFN-00727C 


intel 8282/8283 


WAVEFORMS 


TIVSL TSLIX 


OUTPUTS 


SEE NOTE 1 


NOTE: 1.8283 ONLY — OUTPUT MAY BE MOMENTARILY INVALID FOLLOWING THE HIGH GOING STB TRANSITION. 
2. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 


i g 
” 77) 
z z 
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pF LOAD pF LOAD 


Output Delay vs. Capacitance 
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8284A 
CLOCK GENERATOR AND DRIVER FOR 
iAPX 86, 88 PROCESSORS 


= Generates the System clock for the = 18-Pin Package 
iAPX 86, 88 Processors 


# Single +5V Power Supply 
a Uses a Crystal or a TTL Signal for = Generates System Reset Output from 
Frequency Source Schmitt Trigger Input 
= Provides Local READY and Multibus™ = Capable of Clock Synchronization with 
READY Synchronization Other 8284As 


RES > D 
Q RESET 


CSYNC[ 11 181] Vcc 
ini PCLK[] 2 7 14 
PCLK anaes 
AENi[_] 3 161] x2 
EFI RDYi[_]4 151] ASYNC 
CSYNC READY [| 14, ] EFI 
RDY2(_] 6 13[_]FIC 


AEN2 [_]7 12{[ ]OSc 
CLA CLK(]8 11, ]RES 


D> GNDC]9 —-10[_]RESET 
RDY2 ic 
-_ CKt CKi 
AEN2 —I>< D a] Det Q |» READY 


Figure 2. 
Figure 1. 8284A Block Diagram 8284A Pin Configuration 
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Table 1. Pin Description 


Address Enable: AEN is an active LOW 
signal. AEN serves to qualify its respective 
Bus Ready Signal (RDY1 or RDY2). AEN1 
validates RDY1 while AEN2 validates RDY2. 
Two AEN signal inputs are useful in system 
configurations which permit the processor to 
access two Multi-Master System Busses. In 
non Multi-Master configurations the AEN 
signal inputs are tied true (LOW). 


Bus Ready: (Transfer Complete). RDY is an 
active HIGH signal which is an indication from 
a device located on the system data bus that 
data has been received, or is available. RDY1 
is qualified by AEN1 while RDY2 is qualified 
by AEN2. 


Ready Synchronization Select: ASYNC is an 
input which defines the synchronization 
mode of the READY logic. When ASYNC is 
low, two stages of READY synchronization are 
provided. When ASYNC is left open or HIGH a 
single stage of READY synchronization is 
provided. 


Ready: READY is an active HIGH signal 
which is the synchronized RDY signal input. 
READY is cleared after the guaranteed hold 
time to the processor has been met. 


Crystal In: X1 and X2 are the pins to which a 
crystal is attached. The crystal frequency is 3 
times the desired processor clock frequency. 


Frequency/Crystal Select: F/Cis astrapping 
option. When strapped LOW, F/C permits the 
processor's clock to be generated by the crys- 
tal. When F/C is strapped HIGH, CLK is gener- 
ated from the EFI input. 


External Frequency: When F/C is strapped 
HIGH, CLK is generated from the input fre- 
quency appearing on this pin. The input 
signal is a square wave 3 times the frequency 
of the desired CLK output. 


FUNCTIONAL DESCRIPTION 
General 


The 8284A is a single chip clock generator/driver for the 
iAPX 86, 88 processors. The chip contains a crystal- 
controlled oscillator, a divide-by-three counter, com- 
plete MULTIBUS™ “Ready” synchronization and reset 
logic. Refer to Figure 1 for Block Diagram and Figure 2 
for Pin Configuration. 


Oscillator 


The oscillator circuit of the 8284A is designed primarily 
for use with an external series resonant, fundamental 
mode, crystal from which the basic operating frequency 
is derived. 


Processor Clock: CLK is the clock output 
used by the processor and all devices which 
directly connect to the processor’s local bus 
(i.e., the bipolar support chips and other MOS 
devices). CLK has an output frequency which 
is ¥3 of the crystal or EFl input frequency anda 
¥3 duty cycle. An output HIGH of 4.5 volts 
(Vcc= 5V) is provided on this pin to drive MOS 
devices. 


Peripheral Clock: PCLK is a TTL level pe- 
ripheral clock signal whose output frequency 
is Y2 that of CLK and has a 50% duty cycle. 


Oscillator Output: OSC is the TTL level out- 
put of the internal oscillator circuitry. Its fre- 
quency is equal to that of the crystal. 


Reset In: RES is an active LOW signal which 
is used to generate RESET. The 8284A 
provides a Schmitt trigger input so that an RC 
connection can be used to establish the 
power-up reset of proper duration. 


Reset: RESET is an active HIGH signal which 
is used to reset the 8086 family processors. Its 
timing characteristics are determined by 
RES. 

Clock Synchronization: CSYNC is an active 
HIGH signal which allows multiple 8284As to 
be synchronized to provide clocks that are in 
phase. When CSYNC is HIGH the internal 
counters are reset. When CSYNC goes LOW 
the internal counters are allowed to resume 
counting. CSYNC needs to be externally syn- 
chronized to EFI. When using the internal os- 
cillator CSYNC should be hardwired to 


Moc |__| Power: +5V supply. 


The crystal frequency should be selected at three times 
the required CPU clock. X1 and X2 are the two crystal 
input crystal connections. For the most stable operation 
of the oscillator (OSC) output circuit, two series resistors 
(Ry = Re = 510 2) as shown in the waveform figures are 
recommended. The output of the oscillator is buffered and 
brought out on OSC so that other system timing signals 
can be derived from this stable, crystal-controlled source. 


For systems which have a Vcc ramp time = 1V/ms and/or 
have inherent board capacitance between X1 or X2, ex- 
ceeding 10pF (not including 8284A pin capacitance), the 
configuration in Figures 4 and 6 is recommended. This 
circuit provides optimum stability for the oscillator in such 
extreme conditions. It is advisable to limit stray ca- 
pacitances to less than 10pF on X1 and X2 to minimize 
deviation from operating at the fundamental frequency. 
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Clock Generator 


The clock generator consists of a synchronous divide- 
by-three counter with a special clear input that inhibits 
the counting. This clear input (CSYNC) allows the out- 
put clock to be synchronized with an external event 
(such as another 8284A clock). It is necessary to syn- 
chronize the CSYNC input to the EFI clock external to 
the 8284A. This is accomplished with two Schottky flip- 
flops. The counter output is a 33% duty cycle clock at 
one-third the input frequency. 


The FIC input is a strapping pin that selects either the 
crystal oscillator or the EFI input as the clock for the +3 
counter. If the EFI input is selected as the clock source, 
the oscillator section can be used independently for 
another clock source. Output is taken from OSC. 


Clock Outputs 


The CLK output is a 33% duty cycle MOS clock driver 
designed to drive the iAPX 86, 88 processors directly. 
PCLK is a TTL level peripheral clock signal whose out- 
put frequency is 2 that of CLK. PCLK has a 50% duty 
cycle. 


Reset Logic 


The reset logic provides a Schmitt trigger input (RES) 
and a synchronizing flip-flop to generate the reset 
timing. The reset signal is synchronized to the failing 
edge of CLK. A simple RC network can be used to 
provide power-on reset by utilizing this function of the 
8284A. 


READY Synchronization 


Two READY inputs (RDY1, RDY2) are provided to accom- 
modate two Multi-Master system busses. Each input 
has a qualifier (AEN1 and AEN2, respectively). The AEN 
signals validate their respective RDY signals. !f a Multi- 


CLOCK 
SYNCHRONIZE 


8284A 


PRELIMINARY 


Master system is not being used the AEN pin should be 
tied LOW. 


Synchronization is required for all asynchronous active- 
going edges of either RDY input to guarantee that the 
RDY setup and hold times are met. Inactive-going edges 
of RDY in normally ready systems do not require syn- 
chronization but must satisfy RDY setup and hold as a 
matter of proper system design. 


The ASYNC input defines two modes of READY syn- 
chronization operation. 


When ASYNC is LOW, two stages of synchronization 
are provided for active READY input signals. Positive- 
going asynchronous READY inputs will first be syn- 
chronized to flip-flop one at the rising edge of CLK 
and then synchronized to flip-flop two at the next falling 
edge of CLK, after which time the READY output will go 
active (HIGH). Negative-going asynchronous READY in- 
puts will be synchronized directly to flip-flop two at the 
falling edge of CLK, after which time the READY output 
will go inactive.’ This mode of operation is intended for use 
by asynchronous (normally not ready) devices in the sys- 
tem which cannot be guaranteed by design to meet the 
required RDY setup timing, Trivc_, on each bus cycle. 


When ASYNC is high or left open, the first READY flip- 
flop is bypassed in the READY synchronization logic. 
READY inputs are synchronized by flip-flop two on the 
falling edge of CLK before they are presented to the 
processor. This mode is available for synchronous 
devices that can be guaranteed to meet the required 
RDY setup time. 


ASYNC can be changed on every bus cycle to select the 
appropriate mode of synchronization for each device in 
the system. 


(TO OTHER 8284As) 


Figure 3. CSYNC Synchronization 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias................. 0°C to 70°C 
Storage Temperature .............. —65°C to + 150°C 
All Output and Supply Voltages ......... -0.5V to +7V 
All Input Voltages ................... —1.0V to +5.5V 
Power DisSip@tiOn. «cccacscaceevcesseuewnwews 1 Watt 


“NOTICE: Stresses above those listed under ‘‘Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute. maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (1T,=0°C to 70°C, Voc =5V + 10%) 


Forward Input Current (ASYNC) 
Other Inputs 


Reverse Input Current (ASYNC) 
Other Inputs 


(Wax. | Unite | Test Conditions 


Ve=0.45V 
Ve=0.45V 


Vr= Voc 
Va=5.25V 


Ic=-5mA 


in 
eb aed ME 
[Power Supply Curent 
[Input Low vottege 
[input HIGH Votage i 
[Reset Input HIGH Voltage | 28 

aa 


Vou Output HIGH Voltage CLK V —-imA 
Other Outputs V —1mA 


A.C. CHARACTERISTICS (T,=0°C to 70°C, Voc =5V + 10%) 
TIMING REQUIREMENTS 


[ symbot_| Parameter ———~—=«?~SCSMn—«’_=Max. | Unite | Tost Gondltione 
Tie | efirenod SC tempts | | ns | Note) 
TP xtatequeney CSCC 
Timer | ROVi,ROV2 Active Seuptocrx | 8 —~| | ns | ASYNE=nign 
tnwvon | RDI, ROV2 Active Setup tock | as | | ns | ASYNE=LOW 
inven | ROY, ADVE Inactive Setuptocuk | as =| [= | 
Ttcune | ADVI, ROY2HodtocK «| oi Sid rs 
Ttavcs | ASYNC Setup toolk SYS 
Prous | ASYNC Hold toclk ——SSC~SCCt 
RENT oS 
[0 
0 


Prince | FESSeuptocik YS 
Ftcune | FESHoldtocuK—SSC~iSC‘“‘i 
— 
_ 


From 0.8V to 2.0V 
From 2.0V to 0.8V 
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{LIL Input Fall Time | 
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A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 


[symbot | Parameter 


toHcL CLK HIGH Time (Ys teic_) +2 for CLK Freq. < 8 MHz 
(Ys tetct) +6 for CLK Freq.=10 MHz 
toLcH CLK LOW Time (% tetc.t)—15 for CLK Freq.<8 MHz 
(% terc.)—14 for CLK Freq.=10 MHz 

teLecii 


Test Conditions 


ee 
Na basinal 
Sco 
7 
poms fT 
[ns | Fig. 88 Fig 10 
Bl banal 
pons 
pms 
pons 
| ns 
pons 
pms 
| ns 


| tayct | ReadyinactivetoCLK(SeeNotes) | 8 
(% terc,)—15 for CLK Freq.<8 MHz 
(% teict)—14 for CLK Freq.=10 MHz 


CLK to PCLK LOW Delay is 
OSC to CLK HIGH Delay Pk: ae 


From 0.8V to 2.0V 
From 2.0V to 0.8V 


OSC to CLK LOW Delay 
Output Rise Time (except CLK) 
Output Fall Time (except CLK) 


NOTES: 

1. d= EFI rise (ns max) + EFI fall (6ns max). 

2. Setup and hold necessary only to guarantee recognition at next clock. 
3. Applies only to T3 and TW states. 

4. Applies only to T2 states. 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


DEVICE 
1.5 <t— TEST POINTS ——} 1.5 “Test. 
on 


0.45 


L 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC "1" AND 0.45V FOR 
eae = “0.” TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC “1° AND “0.” 


CL = 100pF FOR CLK 
CL = 30pF FOR READY 
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WAVEFORMS 


CLOCKS AND RESET SIGNALS 


tot >} tre 


teLit 


ALL TIMING MEASUREMENTS ARE MADE AT 1.5 VOLTS, UNLESS OTHERWISE NOTED. 


READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 


tcLrix 
tR1VCH 


ta1RiV 


tcLR1x 


tcLa1x 
taYVCL 


tCLAYX 


tRYHCH tRYLCL 
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WAVEFORMS (Continued) 


READY SIGNALS (FOR SYNCHRONOUS DEVICES) 


tcLRix > 
tRivcL 


taiRiV tcLR1X 


tCLAYx 


tRYHCH tRYLCL 


LOAD 
(SEE NOTE 1) 
24 MHz C_] 


Ry = Ro = 5100. 


Clock High and Low Time (Using X1, X2) 


PULSE LOAD 
GENERATOR (SEE NOTE 1) 


Clock High and Low Time (Using EFI) 
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LOAD 
AEN1 (SEE NOTE 1) 


X1 


LOAD 
24MHz C4 ” (SEE NOTE 2) 


PULSE 
GENERATOR RDY2 OSC 


TRIGGER FIG 
AEN2 
CSYNC 
Ry = Ro = 5100. 


Ready to Clock (Using X1, X2) 


PULSE LOAD 
GENERATOR (SEE NOTE 1) 


TRIGGER 


PULSE 
GENERATOR 


LOAD 
(SEE NOTE 2) 


Ready to Clock (Using EFI) 


NOTES: 
1. CL = 100 pF 
2. C_ = 30 pF 
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OCTAL BUS TRANSCEIVER 


a Data Bus Buffer Driver for iAPX 86,88, = 3-State Outputs 
McCS-80'™, MCS-85™, and MCS-48'™™ 


Families 
a 20-Pin Package with 0.3” Center 


a High Output Drive Capability for 


Driving System Data Bus 
= No Output Low Noise when Entering 


= Fully Parallel 8-Bit Transceivers or Leaving High Impedance State 


The 8286 and 8287 are 8-bit bipolar transceivers with 3-state outputs. The 8287 inverts the input data at its outputs 
while the 8286 does not. Thus, a wide variety of applications for buffering in microcomputer systems can be met. 


& a =) 
LN) ‘S 


(As) 
Bical d 


ORG 


6 


Figure 1. Logic Diagrams Figure 2. Pin Configurations 
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Table 1. Pin Description 


| _Symbol__—_| Type Name and Function 
T Transmit: T is an input control signal used to control the direction of the transceivers. When HIGH, 
it configures the transceiver’s Byp-B7 as outputs with Ag—A7 as inputs. T LOW configures Ag-A7 as 
the outputs with Bo-B7 serving as the inputs. 
Output Enable: OE is an input control signal used to enable the appropriate output driver (as 
selected by T) onto its respective bus. This signal is active LOW. 
Ao-A7 /O Local Bus Data Pins: These pins serve to either present data to or accept data from the processor’s 
local bus depending upon the state of the T pin. 
Bo-B7(8286) /O System Bus Data Pins: These pins serve to either present data to or accept data from the system 
Bo-B7(8287) bus depending upon the state of the T pin. 


FUNCTIONAL DESCRIPTION 


The 8286 and 8287 transceivers are 8-bit transceivers with Bo-B7 pins is driven onto the Ag-A7 pins. No output low 
high impedance outputs. With T active HIGH and OE ac- glitching will occur whenever the transceivers are enter- 
tive LOW, data at the Ag—A7 pins is driven onto the Bp-B7 ing or leaving the high impedance state. 


pins. With T inactive LOW and OE active LOW, data at the 
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TEST LOAD CIRCUITS 


3-STATE TO Vo 


B OUTPUT 


3-STATE TO Von 


B OUTPUT 


8286/8287 


3-STATE TO Vo. 


A OUTPUT 


i 


3-STATE TO Von 


A OUTPUT 


7-100 


52.72Q 
OUT 


1142 
OUT 


2.14V 


300 pF 


SWITCHING 


B OUTPUT 


2.28V 


100 pF 


SWITCHING 


A OUTPUT 


AFN-01506B 


intel 8286/8287 


ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under “Absolute 


Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Temperature Under Bias................. 0°C to 70°C tion of the device at these or any other conditions above 
Storage Temperature............. — 65°C to + 150°C those indicated in the operational sections of this specifi- 
All Output and Supply Voltages........ -0.5V to +7V cation is not implied. Exposure to absolute maximum 
All Input Voltages.................. -—1.0V to +5.5V rating conditions for extended periods may affect device 
Power DISSIPatiOn: «6. cccnscuncees ase swen sims 1 Watt reliability. 


D.C. CHARACTERISTICS (Voc = +5V +10%, Ta= 0°C to 70°C) 


Power Supply Current—8287 
— 8286 


—B Outputs .45 V 

—A Outputs 45 V lo. =16 mA 

Vou Output High Voltage —B Outputs 2.4 V loo =-5 MA 
—A Outputs 2.4 V lon =-1 MA 


Output Off Current 
Output Off Current 


Input Low Voltage —A Side 
—B Side 


Output Low Voltage 


F=1 MHz 
Veias = 2.5V, Voc = 5V 
Ta= 25°C 


NOTE: 
1. B Outputs—Io, = 32 mA, lon = —5 mA, Cy, = 300 pF; A Outputs—Io, = 16 mA, Io = —1 MA, C, = 100 pF. 


A.C. CHARACTERISTICS (Vcc = +5V +10%, Ty = 0°C to 70°C) 


Loading: B Outputs—lIo, = 32 mA, lon = —5 mA, C, = 300 pF 
A Outputs—lIo, = 16 mA, lon = —1 mA, C, = 100 pF 


Input to Output Delay 
Inverting 


[Min | Max | __Units__—'|__Test Conditions 
Non-Inverting 
TEHTV Transmit/Receive Hold Time a eee ee eee 


TTVEL Transmit/Receive Setup re ee ee ee 
TEHOZ Output Disable Time fos | we | lng 


TELOV Output Enable Time 


| Outputenabletime Ss || to | S| Sins 
Input, Output Rise Time pf me fw From 0.8 V to 2.0V 
TIHIL, Input, Output Fall Time . | @ From 2.0V to 8.0V 
TOHOL 


NOTE: 
1. See waveforms and test load circuit on following page. 
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WAVEFORMS 


INPUTS 


<TIVOV —»>| TEHOZ TELOV— 
VoH - .1V 


OUTPUTS 


TEHTV 


NOTE: 
1. All timing measurements are made at 1.5V unless otherwise noted. 


DELAY N SEC 
DELAY N SEC 


200 400 600 800 1000 


pF LOAD pF LOAD 


Output Delay versus Capacitance 
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BUS CONTROLLER 
FOR iAPX 86, 88 PROCESSORS 


= Bipolar Drive Capability a 3-State Command Output Drivers 

a Provides Advanced Commands = Configurable for Use with an I/O Bus 

= Provides Wide Flexibility in System a Facilitates Interface to One or Two 
Configurations Multi-Master Busses 


The Intel® 8288 Bus Controller is a 20-pin bipolar component for use with medium-to-large iAPX 86, 88 processing 
systems. The bus controller provides command and control timing generation as well as bipolar bus drive capability while 
optimizing system performance. 


A strapping option on the bus controller configures it for use with a multi-master system bus and separate |/O bus. 


g0s6 } = _ STATUS 


STATUS DECODER 
AMWC | muLTiBus™ 
JORG. ‘+ COMMAND 
owe | SIGNALS 
AIOWC 
iNTA 
DT/R 

orca CONTROL ADDRESS LATCH, DATA 
CONTROL SIGNAL DEN TRANSCEIVER, AND 
INPUT GENER. MCE/PDEN ( INTERRUPT CONTROL 
ATOR SIGNALS 
ALE 
+5V GND 
Figure 2. 
Figure 1. Block Diagram Pin Configuration 
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Table 1. Pin Description 


Name and Function 


Power: +5V supply. 


Status Input Pins: These pins are the 
status input pins from the 8086, 8088 or 
8089 processors. The 8288 decodes these 
inputs to generate command and control 
signals at the appropriate time. When 
these pins are not in use (passive) they are 
all HIGH. (See chart under Command and 
Control Logic.) 


Clock: This is a clock signal from the 
8284 clock generator and serves to estab- 
lish when command and control signals 
are generated. 


Address Latch Enable: This signal 
serves to strobe an address into the 
address latches. This signal is active HIGH 
and latching occurs on the falling (HIGH 
to LOW) transition. ALE is intended for 
use with transparent D type latches. 


Data Enable: This signal serves to en- 
able data transceivers onto either the 
local or system data bus. This signal is 
active HIGH. 


Data Transmit/Receive: This signal es- 
tablishes the direction of data flow 
through the transceivers. A HIGH on this 
line indicates Transmit (write to I/O or 
memory) and a LOW indicates Receive 
(Read). 


Address Enable: AEN enables command 
outputs of the 8288 Bus Controller at least 
115 ns after it becomes active (LOW). AEN 
going inactive immediately 3-states the 
command output drivers. AEN does not 
affect the I/O command lines if the 8288 is 
in the I/O Bus mode (IOB tied HIGH). 


Command Enable: When this signal is 
LOW all 8288 command outputs and the 
DEN and PDEN control outputs are forced 
to their inactive state. When this signal is 
HIGH, these same outputs are enabled. 


Input/Output Bus Mode: When the!OB is 
strapped HIGH the 8288 functions in the 
/(O Bus mode. When it is strapped LOW, 
the 8288 functions in the System Bus 
mode. (See sections on |/O Bus-and Sys- 
tem Bus modes). 


| Symbol Type Name and Function 


Advanced 1/O Write Command: The 
AIOWC issues an |/O Write Command 
earlier in the machine cycle to give I/O 
devices an early indication of a write in- 
struction. Its timing is the same as a read 
command signal. AIOWC is active LOW. 


1/O Write Command: This command line 
instructs an I/O device to read the data on 
the data bus. This signal is active LOW. 


1/0 Read Command: This command line 
instructs an I/O device to drive its data 
onto the data bus. This signal is active 
LOW. 


Advanced Memory Write Com- 
mand: The AMWC issues a memory write 
command earlier in the machine cycle to 
give memory devices an early indication 
of a write instruction. Its timing is the 
same as a read command signal. AMWC is 
active LOW. 


Memory Write Command: This com- 
mand line instructs the memory to record 
the data present on the data bus. This 
signal is active LOW. 


Memory Read Command: This com- 
mand line instructs the memory to drive 
its data onto the data bus. This signal is 
active LOW. 


Interrupt Acknowledge: This command 
line tells an interrupting device that its 
interrupt has been acknowledged and 
that it should drive vectoring information 
onto the data bus. This signal is active 
LOW. 


This is a dual function pin. 
MCE (IOB is tied LOW): Master Cascade 
Enable occurs during an interrupt se- 
quence and serves to read a Cascade 
Address from a master PIC (Priority Inter- 
rupt Controller) onto the data bus. The 
MCE signal is active HIGH. 

PDEN (IOB is tied HIGH): Peripheral 
Data Enable enables the data bus trans- 
ceiver for the I/O bus that DEN performs 
for the system bus. PDEN is active LOW. 


MCE/PDEN 
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FUNCTIONAL DESCRIPTION 


Command and Control Logic 
The command logic decodes the three 8086, 8088 or 8089 


CPU status lines (So, S71, Sy) to determine what command 
is to be issued. 


This chart shows the meaning of each status “‘word”’. 


The command is issued in one of two ways dependent 
on the mode of the 8288 Bus Controller. 

1/O Bus Mode — The 8288 is in the I/O Bus mode if the 
1OB pin is strapped HIGH. In the I/O Bus mode all I/O 
command lines (IORC, IOWC, AIOWC, INTA) are always 
enabled (i.e., not dependent on AEN). When an I/O com- 
mand is initiated by the processor, the 8288 immediately 
activates the command lines using PDEN and DT/R to 
control the I/O bus transceiver. The I/O command lines 
should not be used to control the system bus in this 
configuration because no arbitration is present. This 
mode allows one 8288 Bus Controller to handle two ex- 
ternal busses. No waiting is involved when the CPU 
wants to gain access to the I/O bus. Normal memory ac- 
cess requires a “Bus Ready” signal (AEN LOW) before it 
will proceed. It is advantageous to use the |OB mode if 
/O or peripherals dedicated to one processor exist ina 
multi-processor system. 


System Bus Mode — The 8288 is in the System Bus mode 
if the 1OB pin is strapped LOW. In this mode no command 
is issued until 115 ns after the AEN Line is activated 
(LOW). This mode assumes bus arbitration logic will in- 
form the bus controller (on the AEN line) when the bus is 
free for use. Both memory and I/O commands wait for bus 
arbitration. This mode is used when only one bus exists. 
Here, both I/O and memory are shared by more than one 
processor. : 


COMMAND OUTPUTS 

The advanced write commands are made available to in- 
itiate write procedures early in the machine cycle. This 
signal can be used to prevent the processor from enter- 
ing an unnecessary wait state. 


The command outputs are: 


MRDC — Memory Read Command 

MWTC — Memory Write Command 

lIORC — I/O Read Command 

lOwCc — I/O Write Command 

AMWC — Advanced Memory Write Command 
AIOWC — Advanced I/O Write Command 
INTA — Interrupt Acknowledge 


8288 


INTA (Interrupt Acknowledge) acts as an I/O read during 
an interrupt cycle. Its purpose is to inform an inter- 
rupting device that its interrupt is being acknowledged 
and that it should place vectoring information onto the 
data bus. 


CONTROL OUTPUTS 

The control outputs of the 8288 are Data Enable (DEN), 
Data Transmit/Receive (DT/R) and Master Cascade 
Enable/Peripheral Data Enable (MCE/PDEN). The DEN 
signal determines when the external bus should be 
enabled onto the local bus and the DT/R determines the 
direction of data transfer. These two signals usually go 
to the chip select and direction pins of a transceiver. 


The MCE/PDEN pin changes function with the two 
modes of the 8288. When the 8288 is in the |OB mode 
(OB HIGH) the PDEN signal serves as a dedicated data 
enable signal for the I/O or Peripheral System bus. 


INTERRUPT ACKNOWLEDGE AND MCE 

The MCE signal is used during an interrupt acknowl- 
edge cycle if the 8288 is in the System Bus mode (lIOB 
LOW). During any interrupt sequence there are two inter- 
rupt acknowledge cycles that occur back to back. Dur- 
ing the first interrupt cycle no data or address transfers 
take place. Logic should be provided to mask off MCE 
during this cycle. Just before the second cycle begins 
the MCE signal gates a master Priority Interrupt Con- 
troller’s (PIC) cascade address onto the processor’s 
local bus where ALE (Address Latch Enable) strobes it 
into the address latches. On the leading edge of the 
second interrupt cycle the addressed slave PIC gates an 
interrupt vector onto the system data bus where it is 
read by the processor. 


If the system contains only one PIC, the MCE signal is 
not used. In this case the second Interrupt Acknowledge 
signal gates the interrupt vector onto the processor bus. 


ADDRESS LATCH ENABLE AND HALT 
Address Latch Enable (ALE) occurs during each machine 
cycle and serves to strobe the current address into the 
address latches. ALE also serves to strobe the status (So, 
Sj, So) into a latch for halt state decoding. 


COMMAND ENABLE 


The Command Enable (CEN) input acts as a command 
qualifier for the 8288. If the CEN pin is high the 8288 
functions normally. If the CEN pin is pulled LOW, all 
command lines are held in their inactive state (not 
3-state). This feature can be used to implement memory 
partitioning and to eliminate address conflicts between 
system bus devices and resident bus devices. 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under “Absolute 


Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Temperature Under Bias ...............00. 0°C to 70°C tion of the device at these or any other conditions above 
Storage Temperature ............... —65°C to +150°C those indicated in the operational sections of this specifi- 
All Output and Supply Voltages ......... —0.5V to +7V cation is not implied. Exposure to absolute maximum 
All Input Voltages ...............0008 —1.0V to +5.5V rating conditions for extended periods may affect device 
Power Dissipation ........... ccc cece eee eees 1.5 Watt reliability. 


D.C. CHARACTERISTICS (Vcc = 5V + 10%, Ta = 0°C to 70°C) 


Input Clamp Voltage 


Output Low Voltage 
Command Outputs 
Control Outputs 


Vou Output High Voltage 


Command Outputs 
Control Outputs 


| Ms inputLowvoltage | | | | 
| Mw | InputHigh Voltage | | | | 
| lore | Output ott current | | t0 | A | ore = 0.4 t05.25V 


A.C. CHARACTERISTICS (Voc = 5V + 10%, Ta = 0°C to 70°C) 
TIMING REQUIREMENTS 


| Symbol | Parameter | —Min._| Max. | _Unit_—|_—‘Test Conditions _| 
| TOLCL | CLK CyclePeriod | t00,s | | ms | 
| TCLCH | ClKLowTime | | ns 
TOHCL | _CLKHighTime | 80 | S| ns S| 
| TSVCH | Status Active SetupTime | 35 | | ms S| 
| TCHSV | Status ActiveHoldtime | to | | ns S| 
| TSHCL_ | Status Inactive SetupTime | 35 | | ms | 
| TCLSH | Status inactiveHoldTime | 10, | | ms S| 
| TILIH | input, RiseTime | | | ns | Fromo.evto2.0v 
| TIHIL | input, FaliTime | | te | ns | From2.ovtoosv | 
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A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 


Test Conditions 


Parameter 
TCVNV Control Active Delay 


TCVNX Control Inactive Dela 10 


TCLLH, ALE MCE Active Delay (from CLK) 
TCLMCH 


| Min. 
Pe 
— 
TSVLH, ALE MCE Active Delay (from ae 
pa 
10 | 
| 10 
Pee = al 


TSVMCH Status) 


TCHLL ALE Inactive Delay 
TCLML Command Active Delay 


TCLMH Command Inactive Delay 
TCHDTL Direction Control Active Delay 


TCHDTH Direction Control Inactive Delay ae a ee se 
TAELCH | Command Enable Time a a ee 
TAEHCZ | Command Disable Time i 


5 
0 
0 


1 
1 MWTC lo. = 32 mA 
lOwC lon =-5mA 


C, = 300 pF 


| TAELCV | EnableDelayTime | 115 | 200 | ns lo. = 16 mA 
| TAEVNV | AENtoDEN | | 20 | ins | Other =} Io = -1mA 
| TCEVNV | CENtoDEN,PDEN | | |g C, = 80 pF 


TCELRH | CEN to Command || teeMe | ons | 
TOLOH Output, Rise Time | | 20 ns | From 0.8V to 2.0V 


TOHOL Output, Fall Time P42 | ons | From 2.0V to 0.8V 


A.C. TESTING INPUT, OUTPUT WAVEFORM 


INPUT/OUTPUT 


1.5 <«——_ TEST POINTS ———® 1.5 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC “1" AND 0.45V FOR 
ALOGIC "0." THE CLOCK IS DRIVEN AT 4.3V AND 0.25V. TIMING MEASURE- 
MENTS ARE MADE AT 1.5V FOR BOTH A LOGIC "1" AND “0.” 


TEST LOAD CIRCUITS—3-STATE COMMAND OUTPUT TEST LOAD 


2.14V 2.28V 


§2.72 1149 
our OUT 
_ pF 


in 


COMMAND OUTPUT CONTROL OUTPUT 
TEST LOAD 


T 300 pF i pF 


3-STATE TO HIGH 3-STATE TO LOW TEST LOAD 
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WAVEFORMS 


ADDR 
ADDRESSIDATA 


MRDC, IORC, INTA 
AMWC, AIOWC 


}— TCVNV 


(READ) 
DEN NTA) 
TCVNX 


TCVNV—| + 


DEN (WRITE) 


PDEN (WRITE) 


DT/R (READ) 
(INTA) 


—+- TCHDTL 


TCHDTH 


TCLMCH—> 


—- :-—TSVMCH 


NOTES: 
1. ADDRESS/DATA BUS IS SHOWN ONLY FOR REFERENCE PURPOSES. 
2. LEADING EDGE OF ALE AND MCE IS DETERMINED BY THE FALLING EDGE OF CLK OR STATUS GOING ACTIVE, WHICHEVER OCCURS LAST. 
3. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS SPECIFIED OTHERWISE. 
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WAVEFORMS (Continued) 


DEN, PDEN QUALIFICATION TIMING 


TAEVNV 


TCEVNV 


ADDRESS ENABLE (AEN) TIMING (3-STATE ENABLE/DISABLE) 


—TAELCV 
1.5V 1.5V 


— 


TAELCH 
o————P ——P 


VOH 


COMMAND 
<+TCELRH 


CEN 
TCELRH _—— 


NOTE: CEN must be low or valid prior to T2 to prevent the command from being generated. 
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BUS ARBITER 


# Provides Multi-Master System Bus 
Protocol 


= Synchronizes iAPX 86, 88 Processors 
with Multi-Master Bus 


# Provides Simple Interface with 8288 
Bus Controller 


= Four Operating Modes for Flexible 
System Configuration 


= Compatible with Intel Bus Standard 
MULTIBUS™ 


= Provides System Bus Arbitration for 
8089 IOP in Remote Mode 


The Intel 8289 Bus Arbiter is a 20-pin, 5-volt-only bipolar component for use with medium to large iAPX 86, 88 mulTti- 
master/multiprocessing systems. The 8289 provides system bus arbitration for systems with multiple bus masters, such as 
an 8086 CPU with 8089 IOP in its REMOTE mode, while providing bipolar buffering and drive capability. 


S2 
8086/8088/8089 | 5, 
sraTus | 


LOCK 

CLK 

PROCESSOR CROQLCK 
CONTROL RESB 


ANYRQST 
10B 


Figure 2. Pin Diagram 


MULTIBUS™ 
MULTIBUS COMMAND 
INTERFACE SIGNALS 
SYSTEM 
SIGNALS 
SYSB/RESB 


PROCESSOR INIT 
STATUS <— BCLK 
BREQ | MULTIBUS 
BPAN 
INTERFACE 
BPRO 
CONTRO : 
L/ a 
STRAPPING —> CBRG 
OPTIONS 


KEN SIGNALS 


SYSB/RESB \ SYSTEM 


Figure 3. Functional Pinout 
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Table 1. Pin Description 


Name and Function 
Power: +5V supply +10%. 


Status Input Pins: The status input pins 
from an 8086, 8088 or 8089 processor. The 
8289 decodes these pins to initiate bus re- 
quest and surrender actions. (See Table 2.) 


Clock: From the 8284 clock chip and 
serves to establish when bus arbiter ac- 
tions are initiated. 


Lock: Aprocessor generated signal which 
when activated (low) prevents the arbiter 
from surrendering the multi-master system 
bus to any other bus artiter, regardless of 
its priority. 


Common Request Lock: An active low 
signal which prevents the arbiter from sur- 
rendering the multi-master system bus to 
any other bus arbiter requesting the bus 
through the CBRQ input pin. 


Resident Bus: A strapping option to con- 
figure the arbiter to operate in systems hav- 
ing both a multi-master system bus and a 
Resident Bus. Strapped high, the multi- 
master system bus is requested or surren- 
dered as a function of the SYSB/RESB 
input pin. Strapped low, the SYSB/RESB 
input is ignored. 


Any Request: A strapping option which 
permits the multi-master system bus to be 
surrendered to a lower priority arbiter as if 
it were an arbiter of higher priority (i.e., 
when a lower priority arbiter requests the 
use of the multi-master system bus, the bus 
is surrendered as soon as it is possible). 
When ANYRQST is strapped low, the bus is 
surrendered according to Table 2. If ANY- 
RQST is strapped high and CBRQ is ac- 
tivated, the bus is surrendered at the end of 
the present bus cycle. Strapping CBRQ low 
and ANYRQST high forces the 8289 arbiter 
to surrender the multi-master system bus 
after each transfer cycle. Note that when 
Surrender occurs BREQ is driven false 
(high). 

10 Bus: A strapping option which confi- 
gures the 8289 Arbiter to operate in sys- 
tems having both an IO Bus (Peripheral 
Bus) and a multi-master system bus. The 
arbiter requests and surrenders the use of 
the multi-master system bus as a function 
of the status line, S2. The multi-master sys- 
tem bus is permitted to be surrendered 
while the processor is performing lO com- 
mands and is requested whenever the pro- 
cessor performs a memory command. 
Interrupt cycles are assumed as coming 
from.the peripheral bus and are treated as 
an 10 command. 


Name and Function 


Address Enable: The output of the 8289 
Arbiter to the processor's address latches, 
to the 8288 Bus Controller and 8284A 
Clock Generator. AEN serves to instruct the 
Bus Controller and address latches when 
to tri-state their output drivers. 


O 


System Bus/Resident Bus: An input 
signal when the arbiter is configured in the 
S.R. Mode (RESB is strapped high) which 
determines when the multi-master system 
bus is requested and multi-master system 
bus surrendering is permitted. The signal 
is intended to originate from a form of 
address-mapping circuitry, as a decoder or 
PROM attached to the resident address 
bus. Signal transitions and glitches are 
permitted on this pin from #1 of T4 tod 1 of 
T2 of the processor cycle. During the 
period from #1 of T2 tod 1 of T4, only clean 
transitions are permitted on this pin (no 
glitches). If a glitch occurs, the arbiter may 
capture or miss it, and the muiti-master 
system bus may be requested or surren- 
dered, depending upon the state of the 
glitch. The arbiter requests the multi- 
master system bus in the S.R. Mode when 
the state of the SYSB/RESB pin is high and 
permits the bus to be surrendered when 
this pin is low. 


Common Bus Request: An input signal 
which instructs the arbiter if there are any 
other arbiters of lower priority requesting 
the use of the multi-master system bus. 


The CBRQ pins (open-collector output) of 
all the 8289 Bus Arbiters which surrender 
to the multi-master system bus upon re- 
quest are connected together. 


The Bus Arbiter running the current trans- 
fer cycle will not itself pull the CBRQ line 
low. Any other arbiter connected to the 
CBRQ line can request the multi-master 
system bus. The arbiter presently running 
the current transfer cycle drops its BREQ 
signal and surrenders the bus whenever 
the proper surrender conditions exist. 
Strapping CBRQ low and ANYRQST high 
allows the multi-master system bus to be 
surrendered after each transfer cycle. See 
the pin definition of ANYRQST. 


Initialize: An active low multi-master sys- 
tem bus input signal used to reset all the 
bus arbiters on the multi-master system 
bus. After initialization, no arbiters have 
the use of the multi-master system bus. 
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Table 1. Pin Descriptions (Continued) 


Bus Clock: The multi-master system bus 
clock to which all multi-master system bus 
interface signals are synchronized. 


Bus Request: An active low output signal 
in the parallel Priority Resolving Scheme 
which the arbiter activates to request the 
use of the multi-master system bus. 


Bus Priority In: The active low signal re- 
turned to the arbiter to instruct it that it may 
acquire the multi-master system bus on the 
next falling edge of BCLK. BPRN indicates 
to the arbiter that it is the highest priority 
requesting arbiter presently on the bus. 
The loss of BPRN instructs the arbiter that 
it has lost priority to a higher priority 
arbiter. 


FUNCTIONAL DESCRIPTION 


The 8289 Bus Arbiter operates in conjunction with the 
8288 Bus Controller to interface iAPX 86, 88 processors to 
a multi-master system bus (both the iAPX 86 and iAPX 88 
are configured in their max mode). The processor is un- 
aware of the arbiter’s existence and issues commands as 
though it has exclusive use of the system bus. If the pro- 
cessor does not have the use of the multi-master system 
bus, the arbiter prevents the Bus Controller (8288), the 
data transceivers and the address latches from accessing 
the system bus (e.g. all bus driver outputs are forced into 
the high impedance state). Since the command sequence 
was not issued by the 8288, the system bus will appear as 
‘“‘Not Ready” and the processor will enter wait states. The 
processor will remain in Wait until the Bus Arbiter ac- 
quires the use of the multi-master system bus whereupon 
the arbiter will allow the bus controller, the data transceiv- 
ers, and the address latches to access the system. Typi- 
cally, once the command has been issued and a data 
transfer has taken place, a transfer acknowledge (XACK) 
is returned to the processor to indicate ‘“‘“READY” from the 
accessed slave device. The processor then completes its 
transfer cycle. Thus the arbiter serves to multiplex a pro- 
cessor (or bus master) onto a multi-master system bus and 
avoid contention problems between bus masters. 


Arbitration Between Bus Masters 


In general, higher priority masters obtain the bus when a 
lower priority master completes its present transfer 
cycle. Lower priority bus masters obtain the bus when a 
higher priority master is not accessing the system bus. 
A strapping option (ANYRQST) is provided to allow the 
arbiter to surrender the bus to a lower priority master as 
though it were a master of higher priority. If there are no 
other bus masters requesting the bus, the arbiter main- 
tains the bus so long as its processor has not entered 
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| Symbol | Type | Name and Function 


Bus Priority Out: An active low output 
signal used in the serial priority resolving 
scheme where BPRO is daisy-chained to 
BPRN of the next lower priority arbiter. 


Busy: An active low open collector 
multi-master system bus interface signal 
used to instruct all the arbiters on the bus 
when the multi-master system bus is avail- 
able. When the multi-master system bus is 
available the highest requesting arbiter 
(determined by BPRN) seizes the bus and 
pulls BUSY low to keep other arbiters off of 
the bus. When the arbiter is done with the 
bus, it releases the BUSY signal, permitting 
it to go high and thereby allowing another 
arbiter to acquire the multi-master system 
bus. 


the HALT State. The arbiter will not voluntarily surrender 
the system bus and has to be forced off by another 
master’s bus request, the HALT State being the only ex- 
ception. Additional strapping options permit other 
modes of operation wherein the multi-master system 
bus is surrendered or requested under different sets of 
conditions. 


Priority Resolving Techniques 


Since there can be many bus masters on a multi-master 
system bus, some means of resolving priority between 
bus masters simultaneously requesting the bus must be 
provided. The 8289 Bus Arbiter provides several resolv- 
ing techniques. All the techniques are based on a priori- 
ty concept that at a given time one bus master will have 
priority above all the rest. There are provisions for using 
parallel priority resolving techniques, serial priority 
resolving techniques, and rotating priority techniques. 


PARALLEL PRIORITY RESOLVING 


The parallel priority resolving technique uses a separate 
bus request line (BREQ) for each arbiter on the multi- 
master system bus, see Figure 4. Each BREQ line enters 
into a priority encoder which generates the binary ad- 
dress of the highest priority BREQ line which is active. 
The binary address is decoded by a decoder to select 
the corresponding BPRN (Bus Priority In) line to be 
returned to the highest priority requesting arbiter. The 
arbiter receiving priority (BPRN true) then allows its 
associated bus master onto the multi-master system 
bus as soon as it becomes available (i.e., the bus is no 
longer busy). When one bus arbiter gains priority over 
another arbiter it cannot immediately seize the bus, it 
must wait until the present bus transaction is complete. 


AFN-00839C 


8289 


PRELIMINARY 


Upon completing its transaction the present bus occu- 
pant recognizes that it no longer has priority and sur- 
renders the bus by releasing BUSY. BUSY is an active 
low “OR” tied signal line which goes to every bus arbiter 
on the system bus. When BUSY goes inactive (high), the 
arbiter which presently has bus priority (BPRN true) then 


BUS 
ARBITER 
1 


seizes the bus and pulls BUSY low to keep other arbiters 
off of the bus. See waveform timing diagram, Figure 5. 
Note that all multi-master system bus transactions are 
synchronized to the bus clock (BCLK). This allows the 
parallel priority resolving circuitry or any other priority 
resolving scheme employed to settle. 


74148 74138 
PRIORITY 


3708 
ENCODER DECODER 


Figure 4. Parallel Priority Resolving Technique 


\ 
® 


A 


\ ___\e 
® ' 


(1) HIGHER PRIORITY BUS ARBITER REQUESTS THE MULTI-MASTER SYSTEM BUS. 


(2) ATTAINS PRIORITY. 


(3) LOWER PRIORITY BUS ARBITER RELEASES BUSY. 
(4) HIGHER PRIORITY BUS ARBITER THEN ACQUIRES THE BUS AND PULLS BUSY DOWN. 


Figure 5. Higher Priority Arbiter obtaining the Bus from a Lower Priority Arbiter 
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SERIAL PRIORITY RESOLVING 


The serial priority resolving technique eliminates the 
need for the priority encoder-decoder arrangement by 
daisy-chaining the bus arbiters together, connecting the 
higher priority bus arbiter’s BPRO (Bus Priority Out) out- 
put to the BPRN of the next lower priority. See Figure 6. 


BUS 
ARBITER 
1 


THE NUMBER OF ARBITERS THAT MAY BE DAISY-CHAINED TOGETHER IN THE 
SERIAL PRIORITY RESOLVING SCHEME IS A FUNCTION OF BCLK AND THE PROPA- 
GATION DELAY FROM ARBITER TO ARBITER. NORMALLY, AT 10 MHz ONLY 3 ARBI- 
TER MAY BE DAISY-CHAINED. 


Figure 6. Serial Priority Resolving 


ROTATING PRIORITY RESOLVING 


The rotating priority resolving technique is similar to 
that of the parallel priority resolving technique except 
that priority is dynamically re-assigned. The priority en- 
coder is replaced by a more complex circuit which ro- 
tates priority between requesting arbiters thus allowing 
each arbiter an equal chance to use the multi-master 
system bus, over time. 


Which Priority Resolving Technique To 
Use 


There are advantages and disadvantages for each of the 
techniques described above. The rotating priority 
resolving technique requires substantial external logic 
to implement while the serial technique uses no exter- 
nal logic but can accommodate only a limited number of 
bus arbiters before the daisy-chain propagation delay 
exceeds the multi-master’s system bus clock (BCLK). 
The parallel priority resolving technique is in general a 
good compromise between the other two techniques. It 
allows for many arbiters to be present on the bus while 
not requiring too much logic to implement. 


“In some system configurations it is possible for a non-I/O Processor to 
have access to more than one Multi-Master System Bus, see 8289 
Application Note. 
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8289 MODES OF OPERATION 


There are two types of processors in the iAPX 86 family. An 
Input/Output processor (the 8089 IOP) and the iAPX 86/10, 
88/10 CPUs. Consequently, there are two basic operating 
modes in the 8289 bus arbiter. One, the OB (I/O Peripheral 
Bus) mode, permits the processor access to both an 1/O 
Peripheral Bus and a multi-master system bus. The sec- 
ond, the RESB (Resident Bus mode), permits the pro- 
cessor to communicate over both a Resident Bus and a 
multi-master system bus. An |/O Peripheral Bus is a bus 
where all devices on that bus, including memory, are 
treated as I/O devices and are addressed by |I/O com- 
mands. All memory commands are directed to another 
bus, the multi-master system bus. A Resident Bus can 
issue both memory and |/O.commands, but it is a distinct 
and separate bus from the multi-master system bus. The 
distinction is that the Resident Bus has only one master, 
providing full availability and being dedicated to that one 
master. 


The IOB strapping option configures the 8289 Bus Ar- 
biter into the IOB mode and the strapping option RESB 
configures it into the RESB mode. It might be noted at 
this point that if both strapping options are strapped 
false, the arbiter interfaces the processor to a multi- 
master system bus only (see Figure 7). With both op- 
tions strapped true, the arbiter interfaces the processor 
to a multi-master system bus, a Resident Bus, and an 1/O 
Bus. 


In the |OB mode, the processor communicates and con- 
trols a host of peripherals over the Peripheral Bus. When 
the I/O Processor needs to communicate with system 
memory, it does so over the system memory bus. Figure 
8 shows a possible I/O Processor system configuration. 


The iAPX 86 and iAPX 88 processors can communicate 
with a Resident Bus and a multi-master system bus. Two 
bus controllers and only one Bus Arbiter would be needed 
in such a configuration as shown in Figure 9. In sucha 
system configuration the processor would have access to 
memory and peripherals of both busses. Memory map- 
ping techniques are applied to select which bus is to be 
accessed. The SYSB/RESB input on the arbiter serves to 
instruct the arbiter as to whether or not the system bus is 
to be accessed. The signal connected to SYSB/RESB also 
enables or disables commands from one of the bus 
controllers. 


A summary of the modes that the 8289 has, along with 
its response to its status lines inputs, is summarized in 
Table 2. 


AFN-00839C 


intel 8289 PRELIMINARY 


Table 2. Summary of 8289 Modes, Requesting and Relinquishing the Multi-Master System Bus 


Single 
Bus Mode 
Status Lines From 1O0B Mode RESB (Mode) Only 1OB Mode RESB Mode 1O0B = High 


8086 or 8088 or 8089 Only 10B = High RESB = High 1OB = Low RESB = High 


$1 10B = Low | SYSB/RESB = High SYSB/RESB = Low 
4 4 
0 x 
COMMANDS : 


COMMANDS 


NOTES: 


1. X= Multi-Master System Bus is allowed to be Surrendered. 
2. ~ =Multi-Master System Bus is Requested. 


Pin Multi-Master System Bus 


Strapping Requested** Surrendered* 


Single Bus 1OB = High Whenever the processor's 
Multi-Master Mode RESB = Low Status lines go active 


iOB = High SYSB/RESB = High « (SYSB/RESB = Low+TI) « 
Mises MGoe Luy RESB=High | ACTIVE STATUS CBRQ + HLT +HPBRQ 


(/O Status + Tl) © CBRQ+ 
HLT + HPBRQ 


((/O Status Commands) + 


1IOB = Low (Memory Command) e 
IOB Mode:-RESB Mode ~ Ba SYSB/RESB = LOW)) e CBRQ 
RESB = High (SYSB/RESB = High) +HPBRQt + HLT 


HLT+TI © CBRQ+HPBRQ?t 


IOB Mode Only Neso ntow | Memory Commands 


NOTES: 

*LOCK prevents surrender of Bus to any other arbiter, CRQLCK prevents surrender of Bus to any lower priority arbiter. 
**Except for HALT and Passive or IDLE Status. 

THPBRQ, Higher priority Bus request or BPRN = 1. 

1. l1OB Active Low. 

2. RESB Active High. 

3. +is read as “OR” and « as “AND.” 
4. Tl= Processor Idle Status $2, Si, SO=111 
5 


. HLT=Processor Halt Status S2, S1, SO=011 
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Figure 7. Typical Medium Complexity CPU System 
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Figure 8. Typical Medium Complexity 1|OB System 
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Figure 9. 8289 Bus Arbiter Shown in System-Resident Bus Configuration 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ................ 0°C to 70°C 
Storage Temperature............. -— 65°C to + 150°C 
All Output and Supply Voltages........ —0.5V to +7V 
All Input VoltageS.......ccscisvecnes — 1.0V to +5.5V 
POWs! DISSIDOUON «6 20ccecce renter vewsaaoes 1.5 Watt 
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*“NOTICE: Stresses above those listed under ‘Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (Ty, = 0°C to 70°C, Veg = +5V +10%) 


Input Clamp Voltage 
Input Forward Current 


Reverse Input Leakage Current 


All Other Outputs 


VoL Output Low Voltage 
BUSY, CBRQ 
AEN 
BPRO, BREQ 
Input Low Voltage 


Cin (Others)} Input Capacitance 


05 
[a0 [WA | Voo=550,Va=580 


Output High Voltage 
BUSY, CBRQ Open Collector 
Power Supply Current ee 


Input High Voltage 2.0 
Cin Status Input Capacitance a 


- 


| Units | Test Condition 
Voc = 4.50V, Ic= —5 mA 
Voc = 5.50V, Ve =0.45V 


0.45 V lol =20 mA 
0.45 V loL = 16 mA 
0.45 V loL= 10 mA 


A.C. CHARACTERISTICS (Vcc = +5V +10%, Ta = 0°C to 70°C) 


TIMING REQUIREMENTS 


TSHCL Status Inactive Setup 


TBYSBL BUSY1/Setup to BCLK] 
TBLBL BCLK Cycle Time 
TCLLL1 LOCK Inactive Hold 


TIHIL Input Fall Time 


THVCH Status Active Hold 
THVCL Status Inactive Hold 


TCBSBL___|_CBRQ}Setup to BCLK| zz eae 
TBHCL BCLK High Time | 30 | 6SITBLBL] 
TCLLL2 LOCK Active Setup 


TPNBL BPRN|{to BCLK Setup Time a ee 
TCLSR' SYSB/RESB Setup a 


Test Condition 


From 0.8 to 2.0V 
From 2.0V to 0.8V 


_ 
ine) 
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A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 


| Symbol || Parameter 
TBLBRL BCLK to BREQ Delay]? 
TBLPOH BCLK to BPRO|* (See Note 1) 


TPNPO BPRN|{tto BPRO| Delay 
(See Note 1) 


TBLBYL BCLK to BUSY Low bs | 
TBLBYH BCLK to BUSY Float (See Note 2) Le mw | 


Test Condition 


[_TOHOL | Output FaltTime 


Jt Denotes that spec applies to both transitions of the signal. 


From 0.8V to 2.0V 
From 2.0V to 0.8V 


NOTES: 
1. BCLK generates the first BPRO wherein subsequent BPRO changes lower in the chain are generated through BPRON. 
2. Measured at .5V above GND. 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


DEVICE 
UNDER 


1.5 <——— TEST POINTS ——— 1.5 TEST 


0.45 


i 


C, INCLUDES JIG CAPACITANCE 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC 1" AND 0.45V FOR 
ALOGIC "0." THE CLOCK IS DRIVEN AT 4.3V AND 0.25V. TIMING MEASURE- 
MENTS ARE MADE AT 1.5V FOR BOTH A LOGIC “1” AND “0.” 


Cy = 100 pF 
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WAVEFORMS 


STATE 


THVCH 
52,57,50 
TCLLL1 


COCK 
(SEE NOTE 1) 


TCLSR1 


AEN 
(SEE NOTE 3) 


PROCESSOR CLK RELATED 


BUS CLK RELATED 
TBHCL——> 


-— 
_ “ 


TBLPOH —> 


TPNBL —> 


TPNPO —> 


<+— TBYSBL 


TBLCBL —> 


+—TCBSBL 
TBLCBH 


NOTES: 

1. LOCK ACTIVE CAN OCCUR DURING ANY STATE, AS LONG AS THE 
RELATIONSHIPS SHOWN ABOVE WITH RESPECT TO THE CLK ARE MAINTAINED. 
LOCK INACTIVE HAS NO CRITICAL TIME AND CAN BE ASYNCHRONOUS. 
“CROLCK HAS NO CRITICAL TIMING AND IS CONSIDERED AN ASYNCHRONOUS 
INPUT SIGNAL 

. GLITCHING OF SYSB/RESB PIN IS PERMITTED DURING THIS TIME. AFTER ¢ 2 OF 
T1, AND BEFORE #1 OF T4, SYSB/RESB SHOULD BE STABLE. 

_ AEN LEADING EDGE IS RELATED TO BCLK, TRAILING EDGE TO CLK. THE 
TRAILING EDGE OF AEN OCCURS AFTER BUS PRIORITY IS LOST. 


ADDITIONAL NOTES: 


The signals related to CLK are typical processor signals, and do not relate to the depicted sequence of events of the 
signals referenced to BCLK. The signals shown related to the BCLK represent a hypothetical sequence of events for 
illustration. Assume 3 bus arbiters of priorities 1, 2 and 3 configured in serial priority resolving scheme as shown in 
Figure 6. Assume arbiter 1 has the bus and is holding busy low. Arbiter #2 detects its processor wants the bus and 
pulls low BREQ#2. If BPRN#2 is high (as shown), arbiter #2 will pull low CBRQ line. CBRQ signals to the higher priority 
arbiter #1 that a lower priority arbiter wants the bus. [A higher priority arbiter would be granted BPRN when it makes 
the bus request rather than having to wait for another arbiter to release the bus through CBRQ].** Arbiter #1 will relin- 
quish the multi-master system bus when it enters a state not requiring it (see Table 1), by lowering its BPRO#1 (tied to 
BPRN#2) and releasing BUSY. Arbiter #2 now sees that it has priority from BPRN#2 being low and releases CBRQ. As 
soon as BUSY signifies the bus is available (high), arbiter #2 pulls BUSY low on next falling edge of BCLK. Note that if 
arbiter #2 didn’t want the bus at the time it received priority, it would pass priority to the next lower priority arbiter by 
lowering its BPRO #2 [TPNPO]. 


**Note that even a higher priority arbiter which is acquiring the bus through BPRN will momentarily drop CBRQ until it has acquired the bus. 
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8041A/8641A/8741A 
UNIVERSAL PERIPHERAL INTERFACE 
8-BIT MICROCOMPUTER 


a 8-Bit CPU plus ROM, RAM, I/O, Timer a Fully Compatible with MCS-48™, 
and Clock in a Single Package MCS-80™, MCS-85™, and MCS-86™ 


a One 8-Bit Status and Two Data Regis- Microprocessor Famintes 
ters for Asynchronous Slave-to-Master § # Interchangeable ROM and EPROM 
Interface Versions 


a DMA, Interrupt, or Polled Operation = 3.6 MHz 8741A-8 Available 
Supported = Expandable I/O 

= 1024 x 8 ROM/EPROM, 64 x 8 RAM, = RAM Power-Down Capability 
8-Bit Timer/Counter, 18 Programmable a Over 90 Instructions: 70% Single Byte 
/O Pins a Single 5V Supply 


The Intel® 8041A/8741A is a general purpose, programmable interface device designed for use with a variety of 8-bit 
microprocessor systems. It contains a low cost microcomputer with program memory, data memory, 8-bit CPU, I/O 
ports, timer/counter, and clock in a single 40-pin package. Interface registers are included to enable the UPI device to 
function as a peripheral controller in MCS-48™, MCS-80™, MCS-85™, MCS-86™ ) and other 8-bit systems. 


The UPI-41A™ has 1K words of program memory and 64 words of data memory on-chip. To allow full user flexibility the 
program memory is available as ROM in the 8041A version or as UV-erasable EPROM in the 8741A version. The 8741A 
and the 8041A are fully pin compatible for easy transition from prototype to production level designs. The 8641A is a 
one-time programmable (at the factory) 8741A which can be ordered as the first 25 pieces of a new 8041A order. The 
substitution of 8641A’s for 8041A’s allows for very fast turnaround for initial code verification and evaluation results. 


The device has two 8-bit, TTL compatible I/O ports and two test inputs. Individual port lines can function as either in- 
puts or outputs under software control. I/O can be expanded with the 8243 device which is directly compatible and has 
16 I/O lines. An 8-bit programmable timer/counter is included in the UPI device for generating timing sequences or 
counting external inputs. Additional UPI features include: single 5V supply, low power standby mode (in the 8041A), 
single-step mode for debug (in the 8741A), and dual working register banks. 


Because it’s a complete microcomputer, the UPI provides more flexibility for the designer than conventional LSI inter- 
face devices. It is designed to be an efficient controller as well as an arithmetic processor. Applications include key- 
board scanning, printer control, display multiplexing and similar functions which involve interfacing peripheral 
devices to microprocessor systems. 
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Table 1. Pin Description 


Name and Function 


Test Inputs: Input pins which can be 
directly tested using conditional 
branch instructions. 


4 
m 
n 
— 
i) 
o— 


STTET TETRA HEPAT TTI EE 
® 


Frequency Reference: TEST 1 (T;) 
also functions as the event timer input 
(under software control). TEST 0 
(To) is used during PROM program- 
ming and verification in the 8741A. 


Inputs: Inputs for a crystal, LC or an 
external timing signal to determine 
the internal oscillator frequency. 


Reset: Input used to reset status flip- 
flops and to set the program counter 
to zero. 


RESET is also used during PROM pro- 
gramming and verification. 


Single Step: Single step input used 
in the 8741A in conjunction with the 
SYNC output to step the program 
through each instruction. 


Chip Select: Chip select input used 
to select one UPI-41A microcomputer 
out of several connected to acommon 
data bus. 


External Access: External access 
input which allows emulation, testing 
and PROM/ROM verification. This 
pin should be tied low if unused. 


Read: |/O read input which enables 
the master CPU to read data and 
status words from the OUTPUT DATA 
BUS BUFFER or status register. 


Command/Data Select: Address in- 
put used by the master processor to 
indicate whether byte transfer is data 
(Ag=0) or command (Ap=1). 


Write: |/O write input which enables 
the master CPU to write data and com- 
mand words to the UPI-41A INPUT 
DATA BUS BUFFER. 
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ae ee Name and Function 


Output Clock: Output signal which 
occurs once per UPI-41A instruction 
cycle. SYNC can be used as a strobe 
for external circuitry; it is also used to 
synchronize single step operation. 


Data Bus: Three-state, bidirectional 
DATA BUS BUFFER lines used to 
interface the UPI-41A microcomputer 
to an 8-bit master system data bus. 


Port 1: 8-bit, PORT 1 quasi-bidirec- 
tional I/O lines. 


Port 2: 8-bit, PORT 2 quasi-bidirec- 
tional I/O lines. The lower 4 bits (Poo- 
Po3) interface directly to the 8243 I/O 
expander device and contain address 
and data information during PORT 4-7 
access. The upper 4 bits (Po4-Ps7) can 
be programmed to provide interrupt 
Request and DMA Handshake capa- 
bility. Software control can configure 
P54 as Output Buffer Full (OBF) inter- 
rupt, Pos as Input Buffer Full (IBF) 
interrupt, Pog as DMA Request 
(DRQ), and P27 as DMA ACKnowledge 
(DACK). 


Program: Multifunction pin used as 
the program pulse input during 
PROM programming. 


During I/O expander access the PROG 
pin acts as an address/data strobe to 
the 8243. This pin should be tied high 
if unused. 


Voc =| 40 | Power: +5V main power supply pin. 
Vpop Power: +5V during normal opera- 
operation. Low power standby pin in 

ROM version. 


tion. +25V during programming 
Ves sf 20 | | Ground: Circuit ground potential. 
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UPI-41A™ FEATURES AND 
ENHANCEMENTS 


1. Two Data Bus Buffers, one for input and one for out- 
put. This allows a much cleaner Master/Slave pro- 
tocol. 


INTERNAL 
DATA BUS 


Do-D7 


OUTPUT 
DATA 


BUS 
BUFFER 
(8) 


2. 8 Bits of Status 


jst | ste | sts | ste | Fi | Fo | iF | nF 
Dg Ds Dg D3 Do Dy Do 


D7 


ST,-ST7 are user definable status bits. These bits are 
defined by the “MOV STS, A” single byte, single 
cycle instruction. Bits 4-7 of the accumulator are 
moved to bits 4-7 of the status register. Bits 0-3 of 
the status register are not affected. 


MOV STS, A Op Code: 90H 


Do 


D7 


3. RD and WR are edge triggered. IBF, OBF, F, and INT 
change internally after the trailing edge of RD or WR. 


FLAGS AFFECTED 
RD or WR \ PD 


4. Po, and Pos are port pins or Buffer Flag pins which 
can be used to interrupt a master processor. These 
pins default to port pins on Reset. 


If the “EN FLAGS” instruction has been executed, 
P54, becomes the OBF (Output Buffer Full) pin. A “1” 
written to Po, enables the OBF pin (the pin outputs 
the OBF Status Bit). A “0” written to Po, disables the 
OBF pin (the pin remains low). This pin can be used 
to indicate that valid data is available from the UPI- 
41A (in Output Data Bus Buffer). 
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If ‘EN FLAGS” has been executed, Po, becomes the 
IBF (Input Buffer Full) pin. A “1” written to Pos 
enables the IBF pin (the pin outputs the inverse of the 
IBF Status Bit). A “0” written to Po. disables the IBF 
pin (the pin remains low). This pin can be used to 
indicate that the UPI-41A is ready for data. 


OBF (INTERRUPT REQUEST) 
IBF (INTERRUPT REQUEST) 


DATA BUS BUFFER INTERRUPT CAPABILITY 


EN FLAGS Op Code: OF5H 


Do 


D7 


5. Pog and Po7 are port pins or DMA handshake pins for 


use with a DMA controller. These pins default to port 
pins on Reset. 


If the “EN DMA” instruction has been executed, Po. 
becomes the DRQ (DMA ReQuest) pin. A “1” written 
to Pog causes a DMA request (DRQ is activated). DRQ 
is deactivated by DACK-RD, DACK- WR, or execution 
of the “EN DMA” instruction. 


If “EN DMA” has been executed, P27 becomes the 
DACK (DMA ACKnowledge) pin. This pin acts as a 
chip select input for the Data Bus Buffer registers 
during DMA transfers. 


DMA HANDSHAKE CAPABILITY 


EN DMA Op Code: OE5H 


Do 


Dy 
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APPLICATIONS 


TO 
PERIPHERAL 
DEVICES 


KEYBOARD 
MATRIX 


8041A/8741A 


CONTROL 


DATA BUS 


CONTROL BUS 


Figure 5. 8041A-8243 Keyboard Scanner 


PERIPHERAL 
DEVICES 


Figure 4. 8048-8041A Interface 
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Figure 6. 8041A Matrix Printer Interface 


PROGRAMMING, VERIFYING, AND 
ERASING THE 8741A EPROM 


Programming Verification 


In brief, the programming process consists of: activating 
the program mode, applying an address, latching the 
address, applying data, and applying a programming pulse. 
Each word is programmed completely before moving on to 
the next and is followed by a verification step. The follow- 
ing is a list of the pins used for programming and a descrip- 
tion of their functions: 


Function 
Clock Input (1 to 6MHz) 


Reset. Initialization and Address Latching 
Test 0 Selection of Program or Verify Mode 
EA Activation of Program/Verify Modes 
BUS Address and Data Input 

Data Output During Verify 
P20-1 Address Input 
Vop Programming Power Supply 


Program Pulse Input 
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WARNING: 


An attempt to program a missocketed 8741A will result in severe 
damage to the part. An indication of a properly socketed part is the 
appearance of the SYNC clock output. The lack of this clock may 
be used to disable the programmer. 


The Program/Verify sequence is: 


1. Ag= OV, CS = 5V, EA = 5V, RESET = OV, TESTO = 5V, 
Vop = 5V, clock applied or internal oscillator operating, 
BUS and PROG floating. 


Insert 8741A in programming socket 

TEST 0 = Ov (select program mode) 

EA = 23V (activate program mode) 

Address applied to BUS and P20-1 

RESET = 5v (latch address) 

Data applied to BUS 

V pp = 25v (programming power) 

PROG = Ov followed by one 50ms pulse to 23V 


pO nN fo SS 


Vop = 5v 
TEST 0 = 5v (verify mode) 
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12. Read and verify data on BUS 

13. TEST O=0Ov 

14. RESET = Ov and repeat from step 5 

15. Programmer should be at conditions of step 1 when 


8741A is removed from socket. 


8741A Erasure Characteristics 


The erasure characteristics of the 8741A are such that 
erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Ang- 
stroms (A). It should be noted that sunlight and certain 
types of fluorescent lamps have wavelengths in the 
3000-4000A range. Data show that constant exposure to 
room level fluorescent lighting could erase the typical 
8741A in approximately 3 years while it would take ap- 


8-5 


proximately one week to cause erasure when exposed 
to direct sunlight. If the 8741A is to be exposed to these 
types of lighting conditions for extended periods of 
time, opaque labels are available from Intel which 
should be placed over the 8741A window to prevent 
unintentional erasure. 


The recommended erasure procedure for the 8741A is 
exposure to shortwave ultraviolet light which has a 
wavelength of 2537A. The integrated dose (i.e., UV inten- 
sity x exposure time) for erasure should be a minimum 
of 15 w-sec/cm?. The erasure time with this dosage is 
approximately 15 to 20 minutes using an ultraviolet 
lamp with a 12,000 pWicm? power rating. The 8741A 
should be placed within one inch of the lamp tubes dur- 
ing erasure. Some lamps have a filter on their tubes 
which should be removed before erasure. 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under ‘‘Absolute 


Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Ambient Temperature Under Bias......... 0°C to 70°C tion of the device at these or any other conditions above 
Storage Temperature ............. — 65°C to + 150°C those indicated in the operational sections of this specifi- 
Voltage on Any Pin With Respect cation is not implied. Exposure to absolute maximum 

TO GIOUNG ccivkdcutsedsces auurewe —0.5V to +7V rating conditions for extended periods may affect device 
POWS! DISSIDSLION 62 ccc ce ve cea aw cawee owes 1.5 Watt reliability. 


D.C. CHARACTERISTICS (Ty = 0°C to 70°C, Vsg = OV: 8041A/8741A, Voc = +5V +10%) 


|Symbol | ————CéParameter=—s|«sMin. (| Max. | Unit | TestConditions | 
| Vi___|_ Input Low Voltage (Except XTAL1,XTAL2,RESET) | -05 | 08 | V | 
| Mir __| Input Low Voltage (XTAL1, XTAL2,RESET) = || -0.5 | 06 | V | 
Mn | Input High Voltage (Except XTAL1,XTAL2, RESET) | 22 | Voc | | 
Minx | Input High Voltage (XTAL1, XTAL2, RESET) —s—s |= 38 | Voc | V | 
| Vor __| OutputLowVoltage(Do-D7) | | 045 || I =2.0mMA 
Output Low Voltage (P;P17, PooP27, Sync) | 045 | Vv lo=16mA 
| Voz __| OutputLow Voltage (Prog) CTC 4S || I =1.0mMA 
| Von _| OutputHigh Voltage (Dp-D7) | 24 || I= -400HA 
Voi | OutputHigh Voltage (All Other Outputs) | 24 | | OV | to= -50nA 
Input Leakage Current (To, T;, RD, WR,CS,Ao,EA) | | +10 =| wA | Ves <Vin< Voc 

oz _| Output Leakage Current (Do-D7, HighZ State) || +10 Vss + 0.45 <Vout<Voc 
flu | LowInput Load Current (PioP17,PooPor) =| S| (S| SA 
Fie | Vo Supply Gument 

flim | InputHigh Leakage Current 


D.C. CHARACTERISTICS—PROGRAMMING (tT, = 25°C +5°C, Voc = 5V +5%, Vpp = 25V +1V) 


a ee so 
"Yoon | von Program Voltage Hightevel | 240 | aso |v [SS 
Veet | vos Votage Low eve ats fs [vy 
Tow PROG Program Volage High tel | 1s [as |v] 
VPL PROG Voltage Low Level Pf 2 fv 
EA Program or Verify Voltage High Level 21.5 V ae 
Tico | —voo High Votage Supply Gurren |} s00 | ma 
|_tpros | PROG High Voltage Supply Current | | 16.0 =| mA 
Tien [TEA High Votage Supply Gurrent | T 10 Tma 
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A.C. CHARACTERISTICS (Ta = 0°C to 70°C, Vsg = OV: 8041A/8741A, Veco = Vpp = +5V +10%) 


DBB READ 


[Symbol | ——~—~Parameter—=S=S~*~*~*~*~rYC« «SMa | Ult | Test Conditions 
[tae | GS ApSeuptoRBISSCSC~—SCiatSSSd nw 
[tea | GS.AgHold AfterADTSSSC~—SC‘iatsTSSSC*idCin PS 
tae | RB Pulsewiath——SSSCS~—~sCSTSSCid ns 
[tho | GS,AptoData OutDelay—SSSS~dSC*‘“‘*rCSC*dYCi SC 
[tho [RDI to Data OutDelay —SS~sSC<“~*~‘~*rt:CiaSYCns | CT 
[tor | Bi toDataFloat Delay ——=S~—SC=‘“‘~*srCTOC*dYCs | 
[toy | Gyole Time (Except e74iA@)—=S~*~“*‘“‘tC*SC*SC*dYSC‘S Ys |S MeXTAL_ 


DBB WRITE 


[Symbol | ——~Parameter =| Min. ‘| Max. | Unit | TestConditions 
| tw | CS,ApSetuptowR! | Ts 

twa CS, Ap Hold After WR! | @ jf | 
| tw | WRPulsewidth | 8s 
[tow | DataSetuptowrr ss SC«|=Ct8OSTS dT ms | 
[two | DataHoldafterwAr SCT STS] ts | CS 


| Parameter | Mins 
Address Setup Time to RESET | 


ae Sel 
aan Soa 

Voo Setup Time to PROG | Pay [| |i 

[Woon [Vo Hold Time After PROG iY 

| tw | Test Setup Time for Program Mode | acy “| | 

 twr | Test 0 Hold Time After Program Mode 4tcy 

| too 


tTw 

twT 

acy | 
tcy 
tRE 


PW 


Fo tcy | CPU Operation Cycle Time 
| tre | RESET Setup Time Before EA 1. 


Note: If TEST 0 is high, tpg can be triggered by RESET 1. 


A.C. CHARACTERISTICS—DMA 
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A.C. CHARACTERISTICS—PORT 2 (tT, = 0°C to 70°C: 8041A/8741A, Voc = +5V + 10%) 


| symbol | Parameter | Min | Max. 
tcp Port Control Setup Before Falling 
Edge of PROG 110 C.= 80 pF 
tec Port Control Hold After Falling 
Edge of PROG 100 C.= 20 pF 


| ters |_- PROG to Time P2 Input Must Be Valid | =| _810 | ons |  C.=80pF 


Input Data Hold Time 
[tor __| Output Data Setup Time [ns | C.= 80 pF 


Output Data Hold Time 


PROG Pulse Width 


TYPICAL 8041/8741A CURRENT 


40° 60° 
TEMP (°C) 


CRYSTAL OSCILLATOR MODE 


(INCLUDES XTAL, 
SOCKET, STRAY) 


(INCLUDES SOCKET, ia 
STRAY) 


CRYSTAL SERIES RESISTANCE SHOULD BE 


BOTH XTAL1 AND XTAL2 SHOUL RIVEN. 
<75Q AT 6 MHz; <1802 AT 3.6 MHz. sagt ddd ea 


RESISTORS TO Vcc ARE NEEDED TO ENSURE Vjy = 3.8V 
IF TTL CIRCUITRY IS USED. 


LC OSCILLATOR MODE 


kL _C NOMINAL f i. 
45uH  20pF 5.2 MHz anv LC’ 
120uH 20 pF 3.2 MHz 5 


Cpp = 5-10 pF PIN-TO-PIN 
CAPACITANCE 


EACH C SHOULD BE APPROXIMATELY 20 pF, INCLUDING STRAY CAPACITANCE. 
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WAVEFORMS 


READ OPERATION—DATA BUS BUFFER REGISTER 


DATA BUS 
(OUTPUT) 


a Y 
4 << DATA VALID i. 


WRITE OPERATION—DATA BUS BUFFER REGISTER 


DATA BUS 
(INPUT) 


DATA 
MAY CHANGE 


(|< DATA VALID ———> 


(SYSTEM'S 
ADDRESS BUS) 


(READ CONTROL) 


(SYSTEM'S 
ADDRESS BUS) 


(WRITE CONTROL) 


DATA 
MAY CHANGE 
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WAVEFORMS (Continued) 


COMBINATION PROGRAM/VERIFY MODE (EPROM’S ONLY) 


23V 
EA 
5V 
PROGRAM VERIFY 9 PROGRAN —— 


taw tWa too) 
ADDRESS DATA TO BE — DATA _ NEXT ADDR 
DBo-0B7 —— (0-7) VALID PROGRAMMED VALID VALID VALID 
LAST NEXT 
R -9) VALID 


VERIFY MODE (ROM/EPROM) 


——" __ ADDRESS DATA OUT ae NEXT NEXT DATA 
eee (0-7) VALID VALID ADDRESS OUT VALID 
Poo-Pi ADDRESS (8-9) VALID NEXT ADDRESS VALID 


NOTES: 

1. PROG MUST FLOAT IF EA IS LOW (i.e., #23V), OR IF TO=5V FOR THE 8741A. FOR THE 
8041A PROG MUST ALWAYS FLOAT. 

2. XTAL1 AND XTAL 2 DRIVEN BY 3.6 MHz CLOCK WILL GIVE 4.17 usec tcy. THIS IS ACCEPT- 
ABLE FOR 8741A-8 PARTS AS WELL AS STANDARD PARTS. 

3. AO MUST BE HELD LOW (i.e.,=0V) DURING PROGRAMI/VERIFY MODES. 


The 8741A EPROM can be programmed by either of two 
Intel products: 
1. PROMPT-48 Microcomputer Design Aid, or 


2. Universal PROM Programmer (UPP series) peripheral 
of the Intellec® Development System with a UPP-848 
Personality Card. 
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WAVEFORMS (Continued) 


WAVEFORMS—DMA 


DATA BUS 


DRQ 


—+|tcraq|l-—_ —~+ |tcrqai-— 


PORT 2 TIMING 


SYNC 


+————topp en eS i) 


EXPANDER 


PORT _ 
OUTPUT PORT 29.3 DATA PORTCONTROL X OUTPUT DATA ) 


| 
| (Qe (PQ tp 
1 


EXPANDER 


PORT | F 
PORT 29.3 DATA (. PORT CONTROL K pe 


=— [Cc p—+ |< tpc—» 


= —— ite 
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Table 2. UPI™ Instruction Set 


ACCUMULATOR DATA MOVES 


ADD A, Rr Add register to A MOV A, Rr Move register toA 
ADD A, @Rr Add data memory MOV A, @Rr Move data memory 
toA toA 
Add immediate to A Move immediate 
Add register to A TOA 
with carry Move A to register 
Add data memory Move A to data 


ADD A, #data 
ADDC A, Rr 


MOV A, #data 


MOV Rr, A 
MOV @Rr, A 


ADDC A, @Rr 


to A with carry memory 
ADDC A, #data |Add immediate MOV Rr, #data | Move immediate to 
to A with carry register 


ANL A, Rr AND register to A MOV @Rr, Move immediate to 
ANL A, @Rr AND data memory #data data memory 

toA MOV A, PSW Move PSW toA 
ANL A, #data AND immediate to A MOV PSW,A Move A to PSW 
ORL A, Rr OR register to A XCH A, Rr Exchange A and 
ORL A, @Rr OR data memory register 

toA XCH A, @Rr Exchange A and 


OR immediate to A 

Exclusive OR regis- 
tertoA 

Exclusive OR data 
memory to A 

Exclusive OR imme- 

diate toA 


ORLA, #data 
XRLA, Rr 


data memory 
Exchange digit of A 
and register 
Move to A from 
current page 
Move to A from 
page 3 


XCHD A, @Rr 


XRL A, @Rr MOVP A, @A 


XRL A, #data MOVP3, A, @A 


INCA Increment A 

DECA Decrement A 

CLRA ClearA MOV A, T Read Timer/Counter 
CPLA Complement A MOV T,A Load Timer/Counter 
DAA Decimal Adjust A STRT T Start Timer 

SWAP A Swap nibbles of A STRT CNT start Counter 

RLA Rotate A left STOP TCNT Stop Timer/Counter 


EN TCNTI Enable Timer/ 
Counter Interrupt 
Disable Timer/ 


Counter Interrupt 


RLCA Rotate A left through 
carry 

Rotate A right 

Rotate A right 


through carry 


INPUT/OUTPUT 


IN A, Pp Input port toA 
OUTL Pp, A Output A to port 
ANL Pp, #data |AND immediate to 


RRA DIS TCNTI 


RRCA 


CONTROL 
EN DMA 


Enable DMA Hana- 
shake Lines 

Enable IBF Interrupt 

Disable IBF Inter- 


EN | 
DIS | 


port rupt 

ORL Pp, #data |OR immediate to EN FLAGS Enable Master 
port Interrupts 

IN A, DBB Input DBB to A, SEL RBO Select register 
clear IBF bank 0 

OUT DBB, A Output A to DBB, SEL RB1 Select register 
set OBF bank 1 


NOP 
REGISTERS 


INC Rr Increment register 

INC @Rr Increment data 
memory 

DEC Rr Decrement register 


SUBROUTINE 


CALL addr 
RET 
RETR 


MOV STS, A No Operation 


A4—-A7 to Bits 4-7 of 
Status 


Input Expander 


MOVD A, Pp 


MOVD Pp, A 

Expander port 

AND A to Expander 
port 

OR A to Expander 

port 


ANLD Pp, A 


ORLD Pp, A 


Jump to subroutine 
Return 

Return and restore 
status 
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Table 2. UPI™ Instruction Set (Continued) 


[Winemonic | Description [Bytes [Cvcles | 
FLAGS 


Clear Carry 
Complement Carry 
Clear Flag 0 
Complement Flag 0 
Clear F1 Flag 
Complement F1 Flag 


BRANCH 


Se ee eee 


=1, Clear Flag 
Jump on IBF Flag 
=0 
Jump on OBF Flag 
=1 
Jump on Accumula- 
tor Bit 


JNIBF addr 


JOBF addr 


Oo MO ND 


JBb addr 


JMP addr Jump unconditional 2 
JMPP @A Jump indirect 1 
DJNZ Rr, addr | Decrement register 2 
and jump 
JC addr Jump on Carry=1 2 
JNC addr Jump on Carry=0 2 
JZ addr Jump on A Zero 2 
JNZ addr Jump on A not Zero 2 
JTO addr Jump on TO=1 2 
JNTO addr Jump on TO=0 = 
JT1 addr Jump on T1=1 2 
JNT1 addr Jump on T1=0 2 
JFO addr Jump on FO Flag=1 2 
JF1 addr Jump on F1 Flag=1 2 
JTF addr Jump on Timer Flag 2 
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8202A 
DYNAMIC RAM CONTROLLER 


= Provides All Signals Necessary to Control 
2104A, 2117, or 2118 Dynamic Memories 


= Directly Addresses and Drives Up to 128K 
Bytes Without External Drivers 


= Provides Address Multiplexing and 
Strobes 


w Provides a Refresh Timer and a Refresh 
Counter 


mw Refresh Cycles May be Internally or Exter- 
nally Requested 


= Provides Transparent Refresh Capability 


a Fully Compatible with Intel® 8080A, 
8085A, iAPX 88, and iAPX 86 Family Micro- 
processors 


= Decodes CPU Status for Advanced Read 
Capability 


= Provides System Acknowledge and Trans- 
fer Acknowledge Signals 


= External Clock Capability 


The Intel® 8202A is a Dynamic Ram System Controller designed to provide all signals necessary to use 2104A, 2117, or 
2118 Dynamic RAMs in microcomputer systems. The 8202A provides multiplexed addresses and address strobes, as well 
as refresh/access arbitration. Refresh cycles can be started internally or externally. 


AHo-AHg 


ALo-AL6 


ROW 
ADDRESS 


AH4 | | 1 40] | Vcc 
AH3 |_] 2 39 |_| AHs 
AH2 [_] 3 38 [| AHe 
AH; |_| 4 37 |_| CLK 
AHo [_] 5 36 |_| OP2 


ALo |_] 6 351 ] N.C. 


Bo — OUTo L]}7 34 |__] REFRQ/ALE 
= ALi LJ] 8 33 [_] PCs 
naenee a sid ouT; L]} 9 32 |_] RDvs1 
RAS2 AL2 (_} 10 31 [_] WR 
RO/S1 ——> RAS3 OuT2 LJ 11 30 |_] SACK 
WR ave AL3 [ ] 12 29[ | XACK 
PCS CAS duTs (J 13 28 [_] We 
TIMING WE Ala [_] 14 27 [| Cas 
ARBITER GENERATOR outs C115 20] axa, 
ALs [_] 16 25 [_] B1/0P4 
REFRQ/ALE _ee OUTs |_] 17 241] Bo 
XACK ALg/OP3 [ | 18 23] | RAS2 
OUTe [_]} 19 22 |_| RAS 
GND | | 20 21{ | RASo 


REFRESH 
TIMER OSCILLATOR 


Figure 1. 8202A Block Diagram 
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Table 1. Pin Descriptions 


Address Low: CPU address in- 
puts used to generate memory 
row address. 

ALg/OP3 used to select 4K 
RAM mode. 


Row Address Strobe: Used to 
latch the Row Address into the 
bank of dynamic RAMs, select- 
ed by the 8202A Bank Select 
pins (Bo, By/OP}). 


Transfer Acknowledge: This 
output is a strobe indicating val- 
id data during a read cycle or 
data written during a write cycle. 
XACK can be used to latch valid 
data from the RAM array. 


Address High: CPU address in- 
puts used to generate memory 
column address. 


System Acknowledge: This 
output indicates the beginning of 
a memory access cycle. It can 
be used as an advanced trans- 
fer acknowledge to eliminate 
wait states. (Note: If a memory 
access request is made during a 
refresh cycle, SACK is delayed 
until XACK in the memory ac- 
cess cycle). 


Bank Select Inputs: Used to 
gate the appropriate RASo- 
RAS3 output for a memory cy- 
cle. By/OP option used to se- 
lect the Advanced Read Mode. 


Protected Chip Select: Used to 
enable the memory read and 
write inputs. Once a cycle is 
started, it will not abort even if 


Clock Inputs: These inputs are 
used to control the frequency of 
the 8202A. CLK is a TTL input 


PCS goes inactive before cycle for an external clock and OPo 
completion. must be strapped to +12V. 


Memory Write Request. Nc. [35 fo Reserved for future use. 
co fo [ Power Suppl: +5¥ 


Memory Read Request: S1 
function used in Advanced Read 
mode selected by OP (pin 25). 


External Refresh Request: ALE 


function used in Advanced Read 
mode, selected by OP; (pin 25). 


Output of the Multiplexer: 
These outputs are designed to 
drive the addresses of the Dy- 
namic RAM array. For 4K RAM 
operation, OUTg is designed to 
drive the 2104A CS input. (Note 
that the OUTo-¢ pins do not re- 
quire inverters or drivers for 
proper operation. 


Write Enable: Drives the Write 
Enable inputs of the Dynamic 
RAM array. Figure 3. External Clock Operation 


Column Address Strobe: This 


output is used to latch the Col- Functional Description 
umn Address into the Dynamic The 8202A provides a complete dynamic RAM controller 
RAM array. for microprocessor systems as well as expansion memory 


ae a ee 


i 

> 

7) 

ms. 
ba | 
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boards. All of the necessary control signals are provided 
for 2104A, 2117, and 2118 dynamic RAM’s. 


All 8202A timing is generated from a single reference 
clock. This clock is provided via an external oscillator. All 
output signal transitions are synchronous with respect to 
this clock reference, except for the CPU handshake sig- 
nals SACK and XACK (trailing edge). 


CPU memory requests normally use the RD and WR in- 
puts. The advanced READ mode allows ALE and $1 to be 
used in place of the RD input. 


Failsafe refresh is provided via an internal refresh timer 
which generates internal refresh requests. Refresh re- 
quests can also be generated via the REFRQ input. 


An on-chip synchronizer / arbiter prevents memory and re- 
fresh requests from affecting a cycle in progress. The 
READ, WRITE, and external REFRESH requests may be 
asynchronous to the 8202A clock; on-chip logic will syn- 
chronize the requests, and the arbiter will decide if the re- 
quests should be delayed, pending completion of a cycle in 
progress. 


Option Selection 

The 8202A has two hardware strapping options which can 
be selected by connecting the appropriate pin to a 12 volt 
power source through a current-limiting resistor. See “DC 
Characteristics” for more detail. 


When OP; is selected, pin 32 changes from a RD input to 
an $1 input, and pin 34 changes from a REFREQ input to 
an ALE input. See “Refresh Cycles” and “Read Cycles” 
for more detail. 


When OP3 is selected, the 8202A will change its internal 
refresh timer from 128-row refresh (2117, 2118) to 
64-row refresh (2104A). 


Refresh Timer 

The refresh timer is used to monitor the time since the last 
refresh cycle occurred. When the appropriate amount of 
time has elapsed, the refresh timer will request a refresh 
cycle. External refresh requests will reset the refresh tim- 
er. 


Refresh Counter 


The refresh counter is used to sequentially refresh all of 
the memory’s rows. The counter is incremented after ev- 


ery refresh cycle. 


Description 


B1/OP1 
AL6/OP3 


Address Multiplexer 

The address multiplexer takes the address inputs and the 
refresh counter outputs, and gates them onto the address 
outputs at the appropriate time. The address outputs, in 
conjunction with the RASg-RAS3 and CAS outputs, deter- 
mine the address used by the dynamic RAMs for read, 
write, and refresh cycles. During the first part of a read or 
write cycle, ALog-ALg are gated to OUT9—OUTg, then 
AHo-Ahg are gated to the address outputs. 


During a refresh cycle, the refresh counter is gated onto 
the address outputs. All refresh cycles are RAS-only re- 
fresh (CAS inactive, RASo-RAS3 active). 


To minimize buffer delay, the information on the address 
outputs is inverted from that on the address inputs. 


OUT o-OUT¢ do not need inverters or buffers unless addi- 
tional drive is required beyond the 32 chip load. 


Synchronizer / Arbiter 

The 8202A has two inputs, RD (pin 32) and WR (pin 31), 
which allow an external CPU to request a memory read or 
write cycle, respectively. An additional input, REFRQ/ ALE 
(pin 34), allows refresh requests to be requested external 
to the 8202A. 


All three of these inputs may be asynchronous with re- 
spect to the 8202A’s clock. The arbiter will resolve con- 
flicts between refresh and memory requests, for both 
pending cycles and cycles in progress. Read and write re- 
quests will be given priority over refresh requests. 


System Operation 
The 8202A is always in one of the following states: 


a) IDLE 

b) TEST Cycle 

c) REFRESH Cycle 
d) READ Cycle 

e) WRITE Cycle 


The 8202A is normally in the IDLE state. Whenever one of 
the other cycles is requested, the 8202A will leave the 
IDLE state to perform the desired cycle. If no other cycles 
are pending, the 8202A will return to the IDLE state. 


Test Cycle 

The TEST Cycle is used to check operation of several 
8202A internal functions. TEST cycles are requested by 
activating the RD and WR inputs, independent of PCS. The 


Normal Function +12 Volt Function 


Bank (RAS) Select Advanced-Read Mode 
Address Input 64-ROW Refresh 


Figure 4. 8202A Option Selection 
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TEST Cycle will reset the refresh address counter and per- 
form a WRITE Cycle. The TEST Cycle should not be used 
in normal system operation, since it would affect the dy- 
namic RAM refresh. 


Refresh Cycles 
The 8202A has two ways of providing dynamic RAM re- 
fresh: 


1) Internal (failsafe) refresh 
2) External (hidden) refresh 


Both types of 8202A refresh cycles activate all of the RAS 
outputs, while CAS, WE, SACK, and XACK remain inac- 
tive. 


Internal refresh is generated by the on-chip refresh timer. 
The timer uses the 8202A clock to ensure that refresh of 
all rows of the dynamic RAM occurs every 2 milliseconds. 
If REFRQ is inactive, the refresh timer will request a re- 
fresh cycle every 10-16 microseconds. 


External refresh is requested via the REFRQ input (pin 34). 
External refresh control is not available when the Ad- 
vanced-Read mode is selected. External refresh requests 
are latched, then synchronized to the 8202A clock. 


The arbiter will allow the refresh request to start a refresh 
cycle only if the 8202A is not in the middle of a cycle. 


lf a memory request and a refresh request reach the arbi- 
ter at the same time, the 8202A will honor the refresh re- 
quest first. However, the external refresh synchronization 
takes longer than the memory request synchronization, 
so, relative to the 8202A input signals, a simultaneous 
memory request and external refresh request will result in 
the memory request being honored first. This 8202A char- 
acteristic can be used to “hide” refresh cycles during sys- 
tem operation. A circuit similar to Figure 5 can be used to 
decode the CPU’s instruction fetch status to generate an 
external refresh request. The refresh request is latched 
while the 8202A performs the instruction fetch; the refresh 
cycle will start immediately after the memory cycle is com- 
pleted, even if the RD input has not gone inactive. If the 
CPU’s instruction decode time is long enough, the 8202A 
can complete the refresh cycle before the next memory 
request is generated. 


After each refresh cycle, the 8202A increments the re- 
fresh counter, reloads the refresh timer, and clears the 
external refresh latch. If the external refresh request is 
held active, the latch will be set again, and another refresh 
cycle will be generated. However, if a memory request is 
pending, it will be honored before the second refresh re- 
quest. This feature prevents refresh from locking out mem- 
ory request. 


Figure 5. Hidden Refresh 


Certain system configurations require complete external 
refresh requests. If external refresh is requested faster 
than the minimum internal refresh timer (tREF), then, in ef- 
fect, all refresh cycles will be caused by the external re- 
fresh request, and the internal refresh timer will never 
generate a refresh request. 


Read Cycles 
The 8202A can accept two different types of memory 
Read requests: 


1) Normal Read, via the RD input 
2) Advanced Read, using the S1 and ALE inputs 


The user can select the desired Read request configura- 
tion via the B1/OP 1 hardware strapping option on pin 25. 


Normal Read Advanced Read 


B1 input +12 Volt Option 
RD input $1 input 
REFRQ input ALE input 

4 (RAS 0.3) 2 (RAS 9.3) 


Pin 25 
Pin 32 


Pin 34 
# RAM banks 
Ext. Refresh Yes No 


Figure 6. 8202A Read Options 


Normal Reads are requested by activating the RD input, 
and keeping it active until the 8202A responds with an 
XACK pulse. The RD input can go inactive as soon as the 
command hold time (tcHs) is met. 


Advanced Read cycles are requested by pulsing ALE 
while S1 is active; if S1 is inactive (low) ALE is ignored. 
Advanced Read timing is similiar to Normal Read timing, 
except the falling edge of ALE is used as the cycle start 
reference. 


lf a Read cycle is requested whiie a refresh cycle is in 
progress, then the 8202A will set the internal delayed- 
SACK latch. When the Read cycle is eventually started, 
the 8202A will delay the active SACK transition until XACK 
goes active, as shown in the AC timing diagrams. This de- 
lay was designed to compensate for the CPU’s READY 
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setup and hold times. The delayed—SACK latch is cleared 
after every READ cycle. 


Based on system requirements, either SACK or XACK can 
be used to generate the CPU READY signal. XACK will 
normally be used; if the CPU can tolerate an advanced 
READY, then SACK can be used, but only if the CPU can 
tolerate the amount of advance provided by SACK. If 
SACK arrives too early to provide the appropriate number 
of WAIT states, then either XACK or a delayed form of 
SACK should be used. 


Write Cycles 

Write cycles are similiar to Normal Read cycles, except 
for the WE output. WE is held inactive for Read cycles, but 
goes active for Write cycles. All 8202A Write cycles are 
“early-write” cycles; WE goes active before CAS goes ac- 
tive by an amount of time sufficient to keep the dynamic 
RAM output buffers turned off. 


General System Considerations 

All memory requests (Normal Reads, Advanced Reads, 
Writes) are qualified by the PCS input. PCS should be sta- 
ble, either active or inactive, prior to the leading edge of 
RD, WR, or ALE. Systems which use battery backup 
should pullup PCS to prevent erroneous memory requests, 
and should also pullup WR to keep the 8202A out of its 
test mode. 


In order to minimize propagation delay, the 8202A uses an 
inverting address multiplexer without latches. The system 
must provide adequate address setup and hold times to 
guarantee RAS and CAS setup and hold times for the 
RAM. The 8202A tap AC parameter should be used for 
this system calculation. 


The BO-B 1 inputs are similiar to the address inputs in that 
they are not latched. BO and B1 should not be changed 
during a memory cycle, since they directly control which 
RAS output is activated. 


The 8202A uses a two-stage synchronizer for the memory 
request inputs (RD, WR, ALE), and a separate two stage 
synchronizer for the external refresh input (REFRQ). As 
with any synchronizer, there is always a finite probability 
of metastable states inducing system errors. The 8202A 
synchronizer was designed to have a system error rate 
less than 1 memory cycle every three years based on the 
full operating range of the 8202A. 


8202A 


ADVANCE INFORMATION 


A microprocessor system is concerned with the time data 
is valid after RD goes low. See Figure 7. In order to calcu- 
late memory read access times, the dynamic RAM’s A.C. 
specifications must be examined, especially the RAS-ac- 
cess time (tRAC) and the CAS-access time (tcAc). Most 
configurations will be CAS-access limited; i.e., the data 
from the RAM will be stable tec,.max (8202A) + tcAc 
(RAM) after a memory read cycle is started. Be sure to 
add any delays (due to buffers, data latches, etc.) to cal- 
culate the overall read access time. 


Since the 8202A normally performs “early-write” cycles, 
the data must be stable at the RAM data inputs by the time 
CAS goes active, including the RAM’s data setup time. If 
the system does not normally guarantee sufficient write 
data setup, you must either delay the WR input signal or 
delay the 8202A WE output. 


Delaying the WR input will delay all 8202A timing, including 
the READY handshake signals, SACK and XACK, which 
may increase the number of WAIT states generated by the 
CPU. 


If the WE output is externally delayed beyond the CAS ac- 
tive transition, then the RAM will use the falling edge of WE 
to strobe the write data into the RAM. This WE transition 
should not occur too late during the CAS active transition, 
or else the WE to CAS requirements of the RAM will not be 
met. 


Figure 7. Read Access Time 
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Figure 9. 8086/128K Byte System 


8-20 AFN-00203D 
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8231A 
ARITHMETIC PROCESSING UNIT 
a Fixed Point Single and Double =a Compatible with MCS-80™ and 
Precision (16/32 Bit) MCS-85™ Microprocessor Families 
a Floating Point Single Precision a Direct Memory Access or 
(32 Bit) Programmed I/O Data Transfers 


a Binary Data Formats 
a Add, Subtract, Multiply and Divide 
a Trigonometric and Inverse 


End of Execution Signal 
= General Purpose 8-Bit Data Bus 


: ; , interface 
Trigonometric Functions 
= Square Roots, Logarithms, a Standard 24 Pin Package 
Exponentiation ew +12 Voit and +5 Volt Power 
a Float to Fixed and Fixed to Float Supplies 
Conversions a Advanced N-Channel Silicon Gate 
= Stack Oriented Operand Storage HMOS Technology 


The Intel® 8231A Arithmetic Processing Unit (APU) is a monolithic HMOS LSI device that provides high performance fixed 
and floating point arithmetic and floating point trigonometric operations. It may be used to enhance the mathematical 
capability of a wide variety of processor-oriented systems. Chebyshev polynomials are used in the implementation of the 
APU algorithms. 


All transfers, including operand, result, status and command information, take place over an 8-bit bidirectional data bus. 
Operands are pushed onto an internal stack and commands are issued to perform operations on the data in the stack. 
Results are then available to be retrieved from the stack. 


Transfers to and from the APU may be handled by the associated processor using conventional programmed I/O, or may be 
handled by a direct memory access controller for improved performance. Upon completion of each command, the APU 
issues an end of execution signal that may be used as an interrupt by the CPU to help coordinate program execution. 


In January 1981 Intel will be converting from 8231 to 8231A. The 8231A provides enhancements over the 8231 to allow use 
in both asynchronous and synchronous systems. 


BUS 
CONTROL WORKING 
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Vee (42 
EACK L]3 
/| SVACK L]4 
SVREQ []5 

DO NOT USE 

CONSTANT (TIE LOW) 

ROM 

pBo (]8 
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8x 16 
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SUFFER COMMAND 
REGISTER 
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ALGORITHM 
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Figure 1. Block Diagram Figure 2. Pin Configuration 
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Table 1. Pin Description 


poe ae Name and Function 


[Vec__| 2| | Power: +5 Volt power supply. | 
|Yoo | 16| | Power: +12 Volt power supply. | 
Mes | t| 


CLK Clock: An external, TTL compatible, 
timing source is applied to the CLK pin. 


Reset: The active high reset signal pro- 
vides initialization for the chip. RESET 
‘also terminates any operation in pro- 
gress. RESET clears the status register 
and places the 8231A into the idle state. 
Stack contents.and command registers 
are not affected (5 clock cycles). 


Chip Select: CS is an active low input 
signal which selects the 8231A and en- 
ables communication with the data bus. 


Address: In conjunction with the RD 
and WR signals, the Ap control line es- 
tablishes the type of communication 
that is to be performed with the 8231A as 
shown below: 


Enter data byte into stack 
Read data byte from stack 
Enter command 

Read status 


Read: This active low input indicates 
that data or status is to be read from the 
8231A if CS is low. 


Write: This active low input indicates 
that data or a command is to be written 
into the 8231A if CS is low. 


End of Execution: This active low input 
clears the end of execution output sig- 
nal (END). If EACK is tied low, the END 
output will be a pulse that is one clock 
period wide. 


Service Request: This active low input 
clears the service request output 
(SVREQ). 


End: This active low, open-drain output 
indicates that execution of the pre- 
viously entered command is complete. It 
can be used as an interrupt request and 
is cleared by EACK, RESET or any read 
or write access to the 8231. 
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Name and Function 


Service Request: This active high out- 
put signal indicates that command 
execution is complete and that post 
execution service was requested in the 
previous command byte. It is cleared by 
SVACK, the next command output to the 
device, or by RESET. 


Ready: This active high output indi- 
cates that the 8231A is able to accept 


communication with the data bus. When 
an attempt is made to read data, write 
data or to enter a new command while 
the 8231A is executing a command, 
READY goes low until execution of the 
current command is complete (See 
READY Operation, p. 5). 


Data Bus: These eight bidirectional 
lines provide for transfer of commands, 
status and data between the 8231A and 
the CPU. The 8231A can drive the data 
bus only when CS and RD are low. 


COMMAND STRUCTURE 


Each command entered into the 8231A consists of asingle 
8-bit byte having the format illustrated below: 


OPERATION 


CODE 


SINGLE FIXED 


Bits 0-4 select the operation to be performed as shown 
in the table. Bits 5-6 select the data format appropriate 
to the selected operation. If bit5is a1, a fixed point data 
format is specified. If bit 5is a0, floating point format is 
specified. Bit 6 selects the precision of the data to be 
operated upon by fixed point commands only (if bit 
5=0, bit 6 must be 0). If bit 6 is a 1, single-precision 
(16-bit) operands are assumed. If bit 6 is a 0, double- 
precision (32-bit) operands are indicated. Results are 
undefined for all illegal combinations of bits in the com- 
mand byte. Bit 7 indicates whether a service request is 
to be issued after the command is executed. If bit 7is a 
1, the service request output (SVREQ) will go high at the 
conclusion of the command and will remain high until 
reset by a low level on the service acknowledge pin 
(SVACK) or until completion of execution of the suc- 
ceeding command where service request (bit 7) is 0. 
Each command issued to the 8231A requests post execu- 
tion service based upon the state of bit 7 in the command 
byte. When bit 7 is a0, SVREQ remains low. 
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Table 2. 32-Bit Floating Point Instructions 


Stack Contents) (4) 
Description After Execution an Flags 
ABCD ected 


Sack Push 


Push n onto Stack 
BA Power Function 


Sine of A (radians) 
Square Root of A 


Tangent of A (radians) 


Exchange A and B 


Stack Contents() 4 
Status Flags‘) 
Description After Execution Affected 


Floating Point to Integer Conversion 


Stack Pop 
Stack Push 


Exchange A and B 


4: 


Stack Contents") 
After Execution 
Ay A, By By Cy Cy Dy Dy, 


Status Flags“) 
Affected 


Instruction Description 


Code 

Pp s8z0 

Floating Point to Integer Conversion R By BL CyCQ, U 'U iU - BZ0 1: | 

p pros SteckPush CTT A AA BB CUYD | SZ 
LAF 
Lt ad 


Ay Ay Ac By By Cy C,-Dy 
[saoo |Add Ayan 
x 
[seus [Subtract Aytroma —SSSC*dPC TCR BYR VG DVOA | ace | 


Notes: 1. In the hex code column, SVREQ is a 0. 
2. The stack initially is composed of four 32-bit numbers (A, B, C, D). Ais equivalent to Top Of Stack (TOS) and B is Next On Stack (NOS). Upon 
completion of a command the stack is composed of: the result (R); undefined (U); or the initial contents (A, B, C, or D). 
3. The stack initially is composed of eight 16-bit numbers (Ay, A,, By, BL, Cy, CL, Dy, Dy). Ay is the TOS and A; is NOS. Upon completion of a 
4. 


command the stack is composed of: the result (R); undefined (U); or the initial contents (Ay, A,, By, BL, - - -)- 
Nomenclature: Sign (S); Zero (Z); Overflow (O); Carry (C); Error Code Field (E). 
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DATA FORMATS 


The 8231A arithmetic processing unit handles operands 
in both fixed point and floating point formats. Fixed 
point operands may be represented in either single 
(16-bit operands) or double precision (32-bit operands), 
and are always represented as binary, two’s comple- 
ment values. 


SINGLE PRECISION FIXED POINT FORMAT 


SS VALUE 
Ss 


15 0 


DOUBLE PRECISION FIXED POINT FORMAT 


VALUE ; ied 


KD) 0 


The sign (positive or negative) of the operand is located 
in the most significant bit (MSB). Positive values are 
represented by a sign bit of zero (S = 0). Negative values 
are represented by the two’s complement of the corre- 
sponding positive value with a sign bit equal to 1 (S= 1). 
The range of values that may be accommodated by each 
of these formats is — 32,768 to + 32,767 for single preci- 
sion and — 2,147,483,648 to + 2,147,483,647 for double 
precision. 


Floating point binary values are represented in a format 
that permits arithmetic to be performed in a fashion 
analogous to operations with decimal values expressed 
in scientific notation. 


(5.83 x 10°) (8.16 x 10') = (4.75728 x 10%) 


In the decimal system, data may be expressed as values 
between 0 and 10 times 10 raised to a power that effec- 
tively shifts the implied decimal point right or left the 
number of places necessary to express the result in con- 
ventional form (e.g., 47,572.8). The value-portion of the 
data is called the mantissa. The exponent may be either 
negative or positive. 


The concept of floating point notation has both a gain 
and a loss associated with it. The gain is the ability to 
represent the significant digits of data with values span- 
ning a large dynamic range limited only by the capacity 
of the exponent field. For example, in decimal notation 
if the exponent field is two digits wide, and the mantissa 
is five digits, a range of values (positive or negative) 
from 1.0000 x 10~% to 9.9999 x 10+ can be accom- 
modated. The loss is that only the significant digits of 
the value can be represented. Thus there is no distinc- 
tion in this representation between the values 123451 
and 123452, for example, since each would be ex- 
pressed as: 1.2345x 10° The sixth digit has been 
discarded. In most applications where the dynamic 
range of values to be represented is large, the loss of 
significance, and hence accuracy of results, is a minor 
consideration. For greater precision a fixed point format 
could be chosen, although with a loss of potential 
dynamic range. 


The 8231A is a binary arithmetic processor and requires 
that floating point data be represented by a fractional 
mantissa value between .5 and 1 multiplied by 2 raised 
to an appropriate power. This is expressed as follows: 


value = mantissa x 2&%Ponent 


For example, the value 100.5 expressed in this form is 
0.1100 1001 x 2’. The decimal equivalent of this value 
may be computed by summing the components (powers 
of two) of the mantissa and then multiplying by the ex- 
ponent as shown below: 


value = (2714 2724+2-542-8)x 27 
= 0.5 + 0.25 + 0.03125 + 0.00290625) x 128 
= 0.78515625 x 128 
= 100.5 


FLOATING POINT FORMAT 


The format for floating point values in the 8231A is given 
below. The mantissa is expressed as a 24-bit (fractional) 
value; the exponent is expressed as a two’s complement 
7-bit value having a range of —64 to +63. The most 
significant bit is the sign of the mantissa (0 = positive, 
1= negative), for a total of 32 bits. The binary point is 
assumed to be to the left of the most significant man- 
tissa bit (bit 23). All floating point data values must be 
normalized. Bit 23 must be equal to 1, except for the 
value zero, which is represented by all zeros. 


EXPONENT — MANTISSA 


31 30 24 23 0 


The range of values that can be represented in this for- 
mat is + (2.7 x 10~ 2° to 9.2 x 1018) and zero. 


FUNCTIONAL DESCRIPTION 


STACK CONTROL 


The user interface to the 8231A includes access to an 8 
level 16-bit wide data stack. Since single precision fixed 
point operands are 16-bits in length, eight such values 
may be maintained in the stack. When using double 
precision fixed point or floating point formats four 
values may be stored. The stack in these two configura- 
tions can be visualized as shown below: 


NOS B2 Bi 
ree 


= 16 -——> 


Data are written onto the stack, eight bits at a time, in 
the order shown (A1, A2, A3, .. .). Data are removed from 
the stack in reverse byte order (A4, A3, A2...). Data 
should be entered onto the stack in multiples of the 
number of bytes appropriate to the chosen data format. 
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DATA ENTRY 


Data entry is accomplished by bringing the chip select 
(CS), the command/data line (Ag), and WR low, as shown 
in the timing diagram. The entry of each new data word 
“pushes down” the previously entered data and places 
the new byte on the top of stack (TOS). Data on the bot- 
tom of the stack prior to a stack entry are lost. 


DATA REMOVAL 


Data are removed from the stack in the 8231A by bringing 
chip select (CS), command/data (Aj), and RD low as 
shown in the timing diagram. The removal of each data 
word redefines TOS so that the next successive byte to 
be removed becomes TOS. Data removed from the stack 
rotates to the bottom of the stack. 


COMMAND ENTRY 


After the appropriate number of bytes of data have been 
entered onto the stack, a command may be issued to 
perform an operation on that data. Commands which re- 
quire two operands for execution (e.g., add) operate on 
the TOS and NOS values. Single operand commands 
operate only on the TOS. 

Commands are issued to the 8231A by bringing the chip 
select (CS) line low, command data (Ag) line high, and 
WR line low as indicated by the timing diagram. After a 
command is issued, the CPU can continue execution of 
its program concurrently with the 8231A command 
execution. 


COMMAND COMPLETION 


The 8231A signals the completion of each command exe- 
cution by lowering the End Execution line (END). 
Simultaneously, the busy bit in the status register is 
cleared and the Service Request bit of the command 
register is checked. If it is a “1” the service request out- 
put level (SVREQ) is raised. END is cleared on receipt of 
an active low End Acknowledge (EACK) pulse. Similarly, 
the service request line is cleared by recognition of an 
active low Service Acknowledge (SVACK) pulse. 


READY OPERATION 


An active high ready (READY) is provided. This line is 
high in its quiescent state and is pulled low by the 8231A 
under the following conditions: 


1. A previously initiated operation is in progress (device 
busy) and Command Entry has been attempted. In 
this case, the READY line will be pulled low and re- 
main low until completion of the current command 
execution. It will then go high, permitting entry of the 
new command. 

2. A previously initiated operation is in progress and 
stack access has been attempted. In this case, the 
READY line will be pulled low, will remain in that 
state until execution is complete, and will then be 
raised to permit completion of the stack access. 

3. The 8231A is not busy, and data removal has been re- 
quested. READY will be pulled low for the length of 
time necessary to transfer the byte from the top of 
stack to the interface latch, and will then go high, 
indicating availability of the data. 


4. The 8231A is not busy, and a data entry has been re- 
quested. READY will be pulled low for the length of 
time required to ascertain if the preceding data byte, 
if any, has been written to the stack. If so READY will 
immediately go high. If not, READY will remain low 
until the interface latch is free and will then go high. 

5. When a status read has been requested, READY will 
be pulled low for the length of time necessary to 
transfer the status to the interface latch, and will 
then be raised to permit completion of the status 
read. Status may be read whether or not the 8231A is 
busy. 


When READY goes low, the APU expects the bus con- 
trol signals present at the time to remain stable until 
READY goes high. 


DEVICE STATUS 


Device status is provided by means of an internal status 
register whose format is shown below: 


BUSY SIGN ZERO ERROR CODE ——_—~———*| CARRY 


7 0 


BUSY: Indicates that 8231A is currently executing a com- 

mand (1=Busy) 

SIGN: Indicates that the value on the top of stack is 

negative (1 = Negative) 

ZERO: Indicates that the value on the top of stack is 

zero (1 = Value is zero) 

ERROR CODE: This field contains an indication of the 
validity of the result of the last opera- 
tion. The error codes are: 

0000 — No error 

1000 — Divide by zero 

0100 — Square root or log of negative number 

1100 — Argument of inverse sine, cosine, or 

e* too large 
XX10 — Underflow 
XX01 — Overflow 
CARRY: Previous operation resulted in carry or borrow 

from most significant bit. (1=Carry/Borrow, 
0 = No Carry/No Borrow.) 


If the BUSY bit in the status register is a one, the other 
status bits are not defined; if zero, indicating not busy, 
the operation is complete and the other status bits are 
defined as given above. 


READ STATUS 


The 8231A status register can be read by the CPU at any 
time (whether an operation is in progress or not) by 
bringing the chip select (CS) low, the command/data line 
(Ag) high, and lowering RD. The status register is then 
gated onto the data bus and may be input by the CPU. 


EXECUTION TIMES 


Timing for execution of the 8231A command set is con- 
tained below. All times are given in terms of clock 
cycles. Where substantial variation of execution times 
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is possible, the minimum and maximum values are 
quoted; otherwise, typical values are given. Variations 
are data dependent. 


Total execution times may require allowances for 
operand transfer into the APU, command execution, and 
result retrieval from the APU. Except for command exe- 


8231A 


PRE UIMIINI ZAR 


cution, these times will be heavily influenced by the 
nature of the data, the control interface used, the speed 
of memory, the CPU used, the priority allotted to DMA 
and Interrupt operations, the size and number of 
operands to be transferred, and the use of chained 
calculations, etc. 


Table 5. Command Execution Times 


54-368 
70-370 
146-168 


154-184 
800 
4464 
4118 


5754 
7668 
7734 
6006 
4474-7132 


DERIVED FUNCTION DISCUSSION 


Computer approximations of transcendental functions 
are often based on some form of polynomial equation, 
such as: 


F(X) = Ag+ AyX + AoX24+ A3X3+ AgX4... (1-1) 


The primary shortcoming of an approximation in this 
form is that it typically exhibits very large errors when 
the magnitude of |X| is large, although the errors are 
smail when |X| is small. With polynomials in this form, 
the error distribution is markedly uneven over any 
arbitrary interval. 


A set of approximating functions exists that not only 
minimizes the maximum error but also provides an even 
distribution of errors within the selected data represen- 
tation interval. These are known as Chebyshev Poly- 
nomials and are are based upon cosine functions. These 
functions are defined as follows: 


T,(X) = Cos né; wheren=0,1,2... (1-2) 
@=Cos~- 1X 


The various terms of the Chebyshev series can be com- 
puted as shown below: 


To(X) = Cos (0 - 6)= Cos (0)= 1 (1-4) 

T(X) = Cos (Cos ~ 1X) = X (1-5) 

T2(X) = Cos 26= 2Cos? 6@-— 1=2Cos*(Cos~'X)—1 (1-6) 
= 2X2- 1 


4298-6956 
3794-4878 
8290-12032 


In general, the next term in the Chebyshev series can be 
recursively derived from the previous term as follows: 


T A(X) = 2X [T, — 1(X)] — Tp — 2(X); n > 2 (1-7) 


Common logarithms are computed by multiplication 
of the natural logarithm by the conversion factor 
0.43429448 and the error function is therefore the same 
as that for natural logarithm. The power function is 
realized by combination of natural log and exponential 
functions according to the equation: 


XY = eylnx, 


The error for the power function is a combination of that 
for the logarithm and exponential functions. 


Each of the derived functions is an approximation of the 
true function. Thus the result of a derived function will 
have an error. The absolute error is the difference be- 
tween the function’s result and the true result. A more 
useful measure of the function’s error is relative error 
(absolute error/true result). This gives a measurement of 
the significant digits of algorithm accuracy. For the 
derived functions except LN, LOG, and PWR the relative 
error is typically 4x 10-7. For PWR the relative error is 
the summation of the EXP and LN errors, 7x 10-7”. For 
LN and LOG, the absolute error is 2x 10~”. 
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APPLICATION INFORMATION 


The diagram in Figure 4 shows the interface connec- 
tions for the APU with operand transfers handled by an 
8237 DMA controller, and CPU coordination handled by 
an Interrupt Controller. The APU interrupts the CPU to 
indicate that a command has been completed. When the 
performance enhancements provided by the DMA and 
Interrupt operations are not required, the APU interface 


can be simplified as shown in Figure 3. The 8231A APU is 
designed with a general purpose 8-bit data bus and in- 
terface control so that it can be conveniently used with 
any general 8-bit processor. 


In many systems it will be convenient to use the 
microcomputer system clock to drive the APU clock 
input. In the case of 8080A systems it would be the 
@2TTL signal. Its cycle time will usually fall in the range 
of 250 ns to 1000 ns, depending on the system speed. 


ADDRESS BUS 


Ao cs 
8231A 
ARITHMETIC 
PROCESSOR 


SYSTEM DATA BUS 


Figure 3. Minimum Configuration Example 


® 
DECODER |, 
- 


INTERRUPT 
CONTROLLER 


DBO-DB7 DBO-DB7 


ADDRESS BUS 


N>o—dl oF ADDRESS 
LATCH 
STB 3282 


8237 
DMA CONTROLLER 


ARITHMETIC 
PROCESSOR UNIT 


DBO-DB7 


SYSTEM DATA BUS 


Figure 4. High Performance Configuration Example 
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ABSOLUTE MAXIMUM RATINGS* 


Storage Temperature............. — 65°C to + 150°C 
Ambient Temperature Under Bias......... 0°C to 70°C 
Vpp with Respect to Vgg.........-.. —0.5V to + 15.0V 
Voc with Respect to Vgg... 0.2.2 0008. —0.5V to +7.0V 
All Signal Voltages with Respect 

to Vss ae ale GAC Ree wo Rw Tew ey 8) OE we Ole (Oe —0.5V to +7.0V 
POW6! DISSIDAIION: 6c valia ace xaeccamnes eis s ws 2.0W 


“NOTICE: Stresses above those listed under ‘‘Absolute 
Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may effect device 
reliability. 


D.C. AND OPERATING CHARACTERISTICS (Ty = 0°C to 70°C, Vsg = OV, Voc = +5V + 10%, 
Vop = +12V + 10%) 


Input HIGH Voltage 


[te | Yoo Supply Current —_ 


A.C. TESTING INPUT, OUTPUT WAVEFORM 


= TEST POINTS <<” 


min. [Typ | Max [Unite [Test Conditions 
Toupattowverase || 
=os | 
—_ 


2.0 


C, = 150 pF 
0.8 


A.C. TESTING: INPUTS ARE DRIVEN AT 3.7V FOR ALOGIC “1” AND 0.4V “OR 
ALOGIC ‘0. TIMING MEASUREMENTS ARE MADE AT 2.0V FORALOGIC “1” 
AND 0.8V FOR A LOGIC “0.” 
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A.C. CHARACTERISTICS = (Ty, = 0°C to 70°C, Vss = OV, Veco = +5V + 10%, Vpp = +12V + 10%) 


READ OPERATION 


Ao; cs Setup to RD 
Ao, CS Hold from RD 
READY | from RD | Delay (Note 2) 


WRITE OPERATION 


Rnd Ee 


| Min. | 
er 
A SSW atewR CO 
a 

| ae 


READY § from WR } Delay (Note 2) 

READY t to WRt 

READY Pulse Width (Note 4) a 
tow 
two 


Write Inactive Time (Note 4) 
[data | Stey 


OTHER TIMINGS 


ht et ee —T arr ee 
Clock Period 
Clock Pulse High Width 


Clock Pulse Low Width | 280 | 
tee END Pulse Width (Note 5) 400 


100 


EACK + to END t Delay 
tan EACK Pulse Width 
Ptsa SVACK | to SVREQ | Delay 


SVACK Pulse Width 


| s000 | 320 | sa00 
a ae ee 
ae eS 
a 
_ oo 
oe Oe a 
or | 
ae ee 


NOTES: 

1. Typical values are for Ta=25°C, nominal supply voltages and nominal processing parameters. 

2. READY is pulled low for both command and data operations. 

3. Minimum values shown assume no previously entered command is being executed for the data access. If a previously entered 
command is being executed, READY low pulse width is the time to complete execution plus the time shown. Status may be read at any 
time without exceeding the time shown. 

4. READY low pulse width is less than 50 ns when writing into the data port or the control port as long as the duty cycle requirement (tw)) is 
observed and no previous command is being executed. tw; may be safely violated as long as the extended trrw that results is 
observed. If a previously entered command is being executed, READY low pulse width is the time to complete execution plus the time 
shown. These timings refer specifically to the 8231A. 

5. END low pulse width is specified for EACK tied to VSS. Otherwise tea applies. 
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WAVEFORMS 


READ OPERATION 


tcPH = tcp. > 


WRITE OPERATION 


DATA 
BUS 


INTERRUPT OPERATION 
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8232 
FLOATING POINT PROCESSING UNIT 


a Compatible with Proposed IEEE For- = Standard 24-Pin Package 
mat and Existing Intel Floating Point : 
Standard = 12V and 5V Power Supplies 
a Compatible with MCS-80™, MCS-85™ 
a Single (32-Bit) and Double (64-Bit) and MCS-86™ Microprocessor Families 


Precision Capability 


a Add, Subtract, Multiply and Divide 
Functions 


w Error interrupt 


m Direct Memory Access or Programmed 
I/O Data Transfers 


a Stack Oriented Operand Storage a End of Execution Signal 


= General Purpose 8-Bit Data Bus Inter- = Advanced N-Channel Silicon Gate 
face HMOS Technology 


The Intel® 8232 is a high performance floating-point processor unit (FPU). It provides single precision (32-bit) and 
double precision (64-bit) add, subtract, multiply and divide operations. The 8232’s floating point arithmetic is a subset 
of the proposed IEEE standard. It can be easily interfaced to enhance the computational capabilities of the host 
microprocessor. 


The operand, result, status and command information transfers take place over an 8-bit bidirectional data bus. Oper- 
ands are pushed onto an internal stack by the host processor and a command is issued to perform an operation on the 
data stack. The results of the operation are available to the host processor from the stack. 


Information transfers between the 8232 and the host processor can be handled by using programmed 1/O or direct 
memory access techniques. After completing an operation, the 8232 activates an “‘end of execution” signal that can 
be used to interrupt the host processor. 


CLOCK CONSTANT ROM TWO PORT DATA STACK 
1 $2 } i 


17-BIT BUS 


WORKING REGISTERS ARITHMETIC UNIT 
10x 17 17 BITS 
BUS 
CONTROL 


cs 

RD 

WR 

Ao 
READY 


ARITHMETIC INSTRUCTION DECODE 
SEQUENCER AND CONTROL 
BUS 
DBO-DB7 jem BUFFER 8-BIT BUS 


END 
EACK 


COMMAND 
cian INTERFACE REGISTER —_ 
SVACK CONTROL 
RESET 
SUBROUTINE 
STACK 
3x 10 


Figure 1. Block Diagram Figure 2. Pin Configuration 


16-BIT 
MICROINSTRUCTION 
REGISTER 7 


PROGRAM CONTROL ROM 


COUNTER 768 x 16 


ERROR 
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Table 1. Pin Description 


/symbo! [in no.| Type Name and Description 


Nox _| 2 |_| PRA E Le AV power supe | 
ja A Ps 


CLOCK: An external timing source con- 
nected to the CLK input provides the 
necessary clocking. 


RESET: A HIGH level on this input causes 
initialization. Reset terminates any opera- 
tion in progress, and clears the status 
register to zero. The internal stack pointer 
is initialized and the contents of the stack 
may be affected. After a reset the END 
output, the ERROR output and the SVREQ 
output will be LOW. For proper initializa- 
tion, RESET must be HIGH for at least five 
CLK periods following stable power 
supply voltages and stable clock. 


CHIP SELECT: input must be LOW to ac- 
complish any read or write operation to 
the 8232. 


To perform a write operation, appropriate 
data is presented on DBO through DB7 
lines, appropriate logic level on the Ag in- 
put and the CS input is made LOW. When- 
ever WR and RD inputs are both HIGH and 
CS is LOW, READY goes LOW. However, 
actual writing into the 8232 cannoi start 
until WR is made LOW. After initiating the 
write operation by the HIGH to LOW tran- 
sition on the WR input, the READY output 
will go HIGH, indicating the write opera- 
tion has been acknowledged. The WR in- 
put can go HIGH after READY goes HIGH. 
The data lines, the Ap input and the CS in- 
put can change when appropriate hold 
time requirements are satisfied. See write 
timing diagram for details. 


To perform a read operation an appropriate 
logic level is established on the Ag input 
and CS is made LOW. The READY output 
goes LOW because WR and RD inputs are 
HIGH. The read operation does not start 
| until the RD input goes LOW. READY will 
go HIGH indicating that read operation is 
complete and the required information is 
available on the DBO through DB7 lines. 
This information will remain on the data 
lines as long as RD is LOW. The RD input 
can return HIGH anytime after READY 
goes HIGH. The CS input and Ap input can 
change anytime after RD returns HIGH. 
See read timing diagram for details. If the 
CS is tied LOW permanently, READY will 
remain LOW until the next 8232 read or 
write access. 


ADDRESS: The Ao input together with the 
RD and WR inputs determines the type of 
transfer to be performed on the data bus 
as follows: 


Enter data byte into stack 
Read data byte from stack 
Enter command 

Read status 


READ: A LOW level on this input is used 
to read information from an_ internal 
location and gate that information onto 
the data bus. The CS input must be LOW 
to accomplish the read operation. The Ao 
input determines what internal location is 
to be read. See Ag, CS input descriptions 
and read timing diagram for details. If the 
END output was HIGH, performing any 
read operation will make the END output 
go LOW after the HIGH to LOW transition 
of the RD input (assuming CS is LOW). If 
the ERROR output was HIGH, performing 
a status register read operation will make 
the ERROR output LOW. This will happen 
after the HIGH to LOW transition of the 
RD input (assuming CS is LOW). 


WRITE: A LOW level on this input is used 
to transfer information from the data bus 
into an internal location. The CS must be 
LOW to accomplish the write operation. 
Ao determines which internal location is 
to be written. See Ao, cs input descrip- 
tions and write timing diagram for details. 


If the END output was HIGH, performing 
any write operation will make the END 
output go LOW after the LOW to HIGH 
transition of the WR input (assuming CS is 
LOW). 


END ACKNOWLEDGE: When LOW, 
makes the END output go LOW. As men- 
tioned earlier, HIGH on the END output 
signals completion of a command exe- 
cution. The END signal is derived from an 
internal flip-flop which is clocked at the 
completion of a command. This flip-flop is 
clocked to the reset state when EACK is 
LOW. Consequently, if EACK is tied LOW, 
the END output will be a pulse that is 
approximately one CLK period wide. 


SERVICE ACKNOWLEDGE: A LOW level 
on this input clears SVREQ. If the SVACK 
input is permanently tied LOW, it will 
conflict with the internal setting of the 
SVREQ. output. Thus, the SVREQ 
indication cannot be relied upon if the 
SVACK is tied LOW. 


END OF EXECUTION: A HIGH on this 
output indicates that execution of the 
current command is complete. This output 
will be cleared LOW by activating the 
EACK input LOW or performing any read 
or write operation or device initialization 
using RESET. If EACK is tied LOW, the 
END output will be a pulse (see EACK 
description). 


Reading the status register while a com- 
mand execution is in progress is allowed. 
However, any read or write operation 
clears the flip-flop that generates the END 
output. Thus, such continuous reading 
could conflict with internal logic setting of 
the END flip-flop at the end of command 
execution. 
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SERVICE REQUEST: A HIGH on this out- 


put indicates completion of a command. | 


In this sense this output is the same as the 
END output. However, the SVREQ output 
will go HIGH at the completion of a 
command only when the Service Request 
Enable bit was set to 1. The SVREQ can be 
cleared (i.e., go LOW) by activating the 
SVACK input LOW or initializing the 
device using the RESET. Also, the SVREQ 
will be automatically cleared after 
completion of any command that has the 
service request bit as 0. 


ERROR: Output goes HIGH to indicate that 
the current command execution resulted 
in an error condition. The error conditions 
are: attempt to divide by zero, exponent 
overflow and exponent underflow. The 
ERROR output is cleared LOW on a status 
register read operation or upon RESET. 


The ERROR output is derived from the 
error bits in the status register. These 
error bits will be updated internally at an 
appropriate time during a command exe- 
cution. Thus, ERROR output going HIGH 
may not coincide with the completion of a 
command. Reading of the status register 
can be performed while a command exe- 
cution is in progress. However, it should 
be noted that reading the status register 
clears the ERROR output. Thus, reading 
the status register while a command 
execution is in progress may result in an 
internal conflict with the ERROR output. 


FUNCTIONAL DESCRIPTION 


Major functional units of the 8232 are shown in the 
block diagram. The 8232 employs a microprogram con- 
trolled stack oriented architecture with 17-bit wide data 
paths. 


The Arithmetic Unit receives one of its operands from 
the Operand Stack. This stack is an eight word by 17-bit 
two port memory with last in-first out (LIFO) attributes. 
The second operand to the Arithmetic Unit is supplied 
by the internal 17-bit bus. In addition to supplying the 
second operand, this bidirectional bus also carries the 
results from the output of the Arithmetic Unit when 
required. Writing into the Operand Stack takes place 


[oe fe om [tow 


READY 17 READY: Output is a handshake signal used 
while performing read or write transac- 
tions with the 8232. If the WR and RD 
inputs are both HIGH, the READY output 
goes LOW with the CS input in anticipa- 
tion of a transaction. If WR goes LOW to 
initiate a write transaction with proper 
signals established on the DBO-DB7, Ao 
inputs, the READY will return HIGH 
indicating that the write operation has 
been accomplished. The WR can be made 
HIGH after this event. On the other hand, if 
aread operation is desired, the RD input is 
made LOW after activating CS LOW and 
establishing proper Ap input. (The READY 
will go LOW in response to CS going 
LOW.) The READY will return HIGH, 
indicating completion of read. The RD can 
return HIGH after this event. It should be 
noted that a read or write operation can be 
initiated without any regard to whether a 
command execution is in progress or not. 
Proper device operation is assured by 
obeying the READY output indication as 
described. 

DBO- 8-15 /0 DATA BUS: Bidirectional lines are used to 

DB7 transfer command, status and operand 
information between the device and the 
host processor. DBO is the least signifi- 
cant and DB7 is the most significant bit 
position. HIGH on a data bus line corre- 
sponds to 1 and LOW corresponds to 0. 
When pushing operands on the stack 
using the data bus, the least significant 
byte must be pushed first and the most 
significant byte last. When popping the 
stack to read the result of an operation, 
the most significant byte will be available 
on the data bus first and the least sig- 
nificant byte will be the last. Moreover, for 
pushing operands and popping results, 
the number of transactions must be equal 
to the proper number of bytes appropriate 
for the chosen format. Otherwise, the 
internal byte pointer will not be aligned 
properly. The single precision format 
requires 4 bytes and double precision 
format requires 8 bytes. 


from this internal 17-bit bus when required. Also con- 
nected to this bus are the Constant ROM and Working 
Registers. The ROM provides the required constants to 
perform the mathematical operations while the Working 
Registers provide storage for the intermediate values 
during command execution. . 


Communication between the external world and the 
8232 takes place on eight bidirectional input/output 
lines, DBO through DB7 (Data Bus). These signals are 
gated to the internal 8-bit bus through appropriate inter- 
face and buffer circuitry. Multiplexing facilities exist for 
bidirectional communication between the internal eight 
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and 17-bit buses. The Status Register and Command 
Register are also located on the 8-bit bus. 


The 8232 operations are controlled by the microprogram 
contained in the Control ROM. The Program Counter 
supplies the microprogram addresses and can be par- 
tially loaded from the Command Register. Associated 
with the Program Counter is the Subroutine Stack where 
return addresses are held during subroutine calls in the 
microprogram. The Microinstruction Register holds the 
current microinstruction being executed. The register 
facilitates pipelined microprogram execution. The 
Instruction Decode logic generates various internal con- 
trol signals needed for the 8232 operation. 


The Interface Control logic receives several external in- 
puts and provides handshake related outputs to facili- 


tate interfacing the 8232 to microprocessors. 


Command Format 


The operation of the 8232 is controlled from the host 
processor by issuing instructions called commands. 
The command format is shown below. 


7 6 5 4 3 2 1 0 


The command consists of 8 bits; the least significant 7 
bits specify the operation to be performed as detailed in 
Table 1. The most significant bit is the Service Request 
Enable bit. This bit must be a 1 if SVREQ is to go HIGH 
at the end of executing a command. 


The commands fall into three categories: single pre- 
cision arithmetic, double precision arithmetic and data 
manipulation. There are four arithmetic operations that 
can be performed with single precision (32-bit) or double 
precision (64-bit) floating-point numbers: add, subtract, 
multiply and divide. These operations require two oper- 
ands. The 8232 assumes that these operands are 
located in the internal stack as Top of Stack (TOS) and 
Next on Stack (NOS). The result will always be returned 
to the previous NOS which becomes the new TOS. 
Results from an operation are of the same precision and 
format as the operands. The results will be rounded to 
preserve the accuracy. The actual data formats and 
rounding procedures are described in a later section. In 
addition to the arithmetic operations, the 8232 imple- 
ments eight data manipulating operations. These 
include changing the sign of a double or single 
precision operand located in TOS, exchanging single 
precision Operands located at TOS and NOS, as well as 
pushing and popping single or double precision 
operands. See also the sections on status register and 
operand formats. 


The execution times of the commands are all data 
dependent. Table 3 shows one example of each com- 
mand execution time. 
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Operand Entry 


The 8232 commands operate on the operands located at 
the TOS and NOS. Results are returned to the stack at 
NOS and then popped to TOS. The operands required for 
the 8232 are one of two formats — single precision 
floating-point (4 bytes) or double precision floating- 
point (8 bytes). The result of an operation has the same 
format as the operands. In other words, operations 
using single precision quantities always result in a 
single precision result, while operations involving 
double precision quantities will result in double 
precision result. 


Operands are always entered into the stack least signifi- 
cant byte first and most significant byte last. The follow- 
ing procedure must be followed to enter operands into 
the stack: 


1. The lower significant operand byte is established on 


the DBO-DB7 lines. 


. A LOW is established on the Ag input to specify that 
data is to be entered into the stack. 


. The CS input is made LOW. Whenever the WR and RD 
inputs are HIGH, the READY output will follow the CS 
input. Thus, READY output will become LOW. 


. After appropriate set up time (see timing diagrams), 
the WR input is made LOW. 


. Sometime after this event, READY will return HIGH to 
indicate that the write operation has been acknowl- 
edged. 


. Any time after the READY output goes HIGH, the WR 
input can be made HIGH. The DBO-DB7, Ag and CS 
inputs can change after appropriate hold time re- 
quirements are satisfied (see timing diagrams). 


The above procedure must be repeated until all bytes of 
the operand are pushed into the stack. it should be 
noted that for single precision operands 4 bytes should 
be pushed and 8 bytes must be pushed for double pre- 
cision. Not pushing all the bytes of a quantity will result 
in byte pointer misalignment. 


The 8232 stack can accommodate four single precision 
quantities or two double precision quantities. Pushing 
more quantities than the capacity of the stack will result 
in loss of data which is usual with any LIFO stack. 


The stack can be visualized as shown below: 
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Table 2. 8232 Command Set 


Single Precision Instructions 


Stack Contents” 


S Fl 
After Execution pianos 


Affected* 


Add A and B 
Subtract A from B 
Muitiply A by B 


then R=B. 


Stack Contents® 


Status Flags 
After Execution 9g 


Affected’ 


Subtract A from B 
Multiply A by B 


Divide B by A. If A=0, 
then R=B. 


Change sign of A® 
Push stack® 
Pop stack 


CLR CLR status 


Notes: 
1. In the hex code column, SVREQ bit is a 0. 


2. The stack initially is composed of four 32-bit numbers (A, B, C, D). A is equivalent to Top Of Stack (TOS) and B is Next on Stack (NOS). Upon com- 
pletion of a command the stack is composed of: the result (R); undefined (U); or the initial contents (A,B,C, or D). 


. The stack initially is composed of two 64-bit numbers (A, B). A is equivalent to Top Of Stack (TOS) and B is Next On Stack (NOS). Upon completion 
of a command the stack is composed of: the result (R); undefined (U); or the initial contents (A, B). 


wo 


oS 


. Any status bit(s) not affected are set to 0. Nomenclature: Sign (S); Zero (Z); Exponent Underflow (U); Exponent Overflow (V); Divide Exception (D). 


on 


. If the exponent field of A is zero, R or A* will be zero. 
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3F800000 
3F800000 
40400000 
3F800000 
3F800000 
3F800000 
3F800000 


3F800000 

3FFO0000 00000000 
3FFO0000 00000000 
3FFO0000 00000000 
3FFO0000 00000000 
3FFO00000 OA000000 
3FFO0000 A0000000 
BFF80000 00000000 


BFF80000 00000000 


8232 


Table 3. Execution Times 


3F800000 
3F800000 
3FC00000 
40000000 


3FFO0000 00000000 
3FFO0000 00000000 
3FF80000 00000000 
3FF80000 00000000 


Note: TOS, NOS and result are in hexadecimal; clock period is in decimal. 
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40000000 
00000000 
40900000 
3F000000 
BF800000 


3FFO0000 OA000000 
3FFO0000 A0000000 
C0020000 00000000 
BFFO0000 00000000 


Command Initiation 


After properly positioning the required operands in the 
stack, a command may be issued. The procedure for 
initiating a command execution is the same as that 
described above for operand entry, except that the Ag 
input is HIGH. 


An attempt to issue a new command while the current 
command execution is in progress is allowed. Under 
these circumstances, the READY output will not go 
HIGH until the current command execution is com- 
pleted. 


Removing the Results 


Result from an operation will be available at the TOS. 
Results can be transferred from the stack to the data 
bus by reading the stack. 


When the stack is read for results, the most significant 
byte is available first and the least significant byte last. 


A result is always of the same precision as the operands 
that produced it. Thus, when the result is taken from the 
stack, the total number of bytes popped out should be 
appropriate with the precision — single precision 
results are 4 bytes and double precision results are 8 
bytes. The following procedure must be used for read- 
ing the result from the stack: 


1. A LOW is established on the Ag input. 


2. The CS input is made LOW. When WR and RD inputs 
are both HIGH, the READY output follows the CS 
input, thus READY will be LOW. 


3. After appropriate set up time (see timing diagrams), 
the RD input is made LOW. 


4. Sometime after this, READY will return HIGH, indi- 
cating that the data is available on the DBO-DB7 
lines. This data will remain on the DBO-DB7 lines as 
long as the RD input remains LOW. 


5. Any time after READY goes HIGH, the RD input can 
return HIGH to complete the transaction. 


6. The CS and Ag inputs can change after appropriate 
hold time requirements are satisfied (see timing dia- 
gram). 


7. Repeat this procedure until all bytes appropriate for 
the precision of the result are popped out. 


Reading of the stack does not alter its data; it only ad- 
justs the byte pointer. Note data must be removed in 
even byte multiples to avoid a byte pointer misalign- 
ment. If more data is popped than the capacity of the 
stack, the internal byte pointer will wrap around and 
older data will be read again, consistent with the LIFO 
stack. 


Reading Status Register 


The 8232 status register can be read without any regard 
to whether a command is in progress or not. The only 
implication that has to be considered is the effect this 
might have on the END and ERROR outputs discussed 
in the signal descriptions. 


The following procedure must be followed to accom- 
plish status register reading: 
1. Establish HIGH on the Apo input. 


2. Establish LOW on the CS input. Whenever WR and 
RD inputs are HIGH, READY will follow the CS input. 
Thus, READY will go LOW. 

3. After appropriate set up time (see timing diagram), 
RD is made LOW. 
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4. Sometime after the HIGH to LOW transition of RD, 
READY will become HIGH, indicating that status reg- 
ister contents are available on the DBO-DB7 lines. 
These lines will contain this information as long as 
RD is LOW. 


5. The RD input can be returned HIGH any time after 
READY goes HIGH. 


6. The Ag input and CS input can change after satisfying 
appropriate hold time requirements (see timing 
diagram). 


Status Register 


The 8232 contains an 8-bit status register with the 
following format: 


All the bits are initialized to zero upon reset. Also, 
executing a CLR (Clear Status) command will result in 
all zero status register bits. A zero in bit 7 indicates that 
the 8232 is not busy and a new command may be 
initiated. AS soon as a new command is issued, bit 7 
becomes 1 to indicate the device is busy and remains 1 
until the command execution is complete, at which time 
it will become 0. As soon as a new command is issued, 
status register bits 0-6 are cleared to zero. The status 
bits will be set as required during the command execu- 
tion. Hence, as long as bit 7 is 1, the remainder of the 
status register bit indications should not be relied upon 
unless the ERROR occurs. The following is a detailed 
status bit description. 


Bit O Reserved. 


Bit 1 Exponent overflow (V). When 1, this bit indicates 
that the result exponent is more positive than 
+127 (+1023). The exponent is “wrapped” into the 
negative exponent range, skipping the end values. 


Bit 2 Exponent Underflow (U). When 1, this bit indicates 
that the result exponent is more negative than 
— 126 (— 1022). The exponent is “wrapped” into the 
positive range by the number of underflow bits, 
skipping —127 (—1023) and +128 (+1024). 


Bit 3 Divide Exception (D). When 1, this bit indicates 
that an attempt to divide by zero is made. Cleared 
to zero otherwise. 


Bit 4 Reserved. 


Bit 5 Zero (Z). When 1, this bit indicates that the result 
returned to TOS after a command is zero. Cleared 
to zero otherwise. 


Bit 6 Sign (S). When 1, this bit indicates that the result 
returned to TOS is negative. Cleared to zero other- 
wise. 
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Bit 7 Busy. When 1, this bit indicates the 8232 is in the 
process of executing a command. It will become 
zero after the command execution is complete. 


All other status register bits are valid when the Busy bit 
is zero. 


Data Formats 


The 8232 handles floating-point quantities in two differ- 
ent formats — single precision and double precision. 
These formats are the same as those used by Intel in 
other products and those proposed by the IEEE Sub- 
committee on floating point arithmetic. 


The single precision quantities are 32 bits long, as 
shown below: 


[~ IMPLIED BIT 


Bit 31: 


S = Sign of the mantissa. One represents negative and 0 
represents positive. 


Bits 23-30: 

E = These 8 bits represent a biased exponent. The bias 
is 2’-1= 127. 

Bits 0-22: 


M = 23-bit mantissa. Together with the sign bit, the man- 
tissa represents a signed fraction in sign-magni- 
tude notation. There is an implied 1 beyond the 
most significant bit (bit 22) of the mantissa. In other 
words, the mantissa is assumed to be a 24-bit nor- 
malized quantity and the most significant bit, which 
will always be a 1 due to normalization, is implied. 
The 8232 restores this implied bit internally before 
performing arithmetic, normalizes the result and 
strips the implied bit before returning the results to 
the external data bus. The binary point is between 
the implied bit and bit 22 of the mantissa. 


The quantity N represented by the above notation is 


BIAS 
| -— BINARY POINT 


ie 


N=(—1)8 2&-@’- 1) 4m) 


Provided E#0 (reserved for 0) or all 1’s (illegal). The 
approximate decimal range for this format is 
+1.17 x 10° to +3.40 x 10°° The format supports 7 
significant decimal digits. 
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A double precision quantity consists of the mantissa 
sign bit, an 11-bit biased exponent (E), and a 52-bit man- 
tissa (M). The bias for double precision quantities is 
2'°_ 1. The double precision format is illustrated below. 


— IMPLIED BIT 


63 62 52.51 2 1 0 


Bit 63: 


S = Sign of the mantissa. One represents negative and 0 
represents positive. 


Bits 52-62: 


E = These 11 bits represent a biased exponent. The bias 
is 210-4 = 1023. 


Bits 0-51: 


M = 52-bit mantissa. Together with the sign bit the man- 
tissa represents a signed fraction in sign-magni- 
tude notation. There is an implied 1 beyond the 
most significant bit (bit 51) of the mantissa. In other 
words, the mantissa is assumed to be a 53-bit nor- 
malized quantity and the most significant bit, which 
will always be a 1 due to normalization, is implied. 
The 8232 restores this implied bit internally before 
performing arithmetic, normalizes the result and 
strips the implied bit before returning the result to 
the external data bus. The binary point is between 
the implied bit and bit 51 of the mantissa. 


The quantity N represented by the above notation is 


[— BIAS 
BINARY POINT 


0 
=(— 18 26-2" - 9 (1.M) 


Provided E # O (reserved for 0) or all 1s (illegal). The 
approximate decimal range is +2.22 x 10 3% to +1.80 
x 10°°8 The format supports 16 significant decimal 
digits. 

The following are some examples of single precision 
floating point representations: 


Binary 
Floating 
Decimal Point 


0000 O000H 
3F80 OO000H 
BF80 0000H 
437F OO00H 
4049 OFDBH 


Rounding 


One of the main objectives in choosing the 8232’s Intel/ 
IEEE proposed floating point arithmetic was to provide 
maximum accuracy with no anomalies. This means that 
a mathematically unsophisticated user will not be 
“Surprised” by some of the results. It is probably 
possible for a sophisticated user to obtain reliable 
results from almost any floating point arithmetic. 
However, in that case there will be an additional burden 
on the software. 


The best example of what might be called the 8232’s 
“safety factor’ is the inclusion of guard bits for 
rounding. The absence of guard bits leads to the 
problem demonstrated by the following four-bit multi- 
plication: 


1111x 20 
1000 x 21 


01111000 x 21 
Since the last four bits are lost, the normalized result is: 
1110 x 2° 


and the identify function is not valid. In the past this 
problem has been avoided (hopefully) by relying on 
excess precision. 


Instead the 8232 uses a form of rounding known as 
“round to even.” There are other types of rounding 
provided for in the proposed IEEE standard, but “round 
to even,” an unbiased rounding scheme, is. required. 
“Round to even” comes into play when a result is 
exactly halfway between two floating point numbers. In 
this case the arithmetic produces the ‘“‘even’” number, 
the one whose last mantissa bit is zero. The 8232 uses 
three additional bits — the Guard bit (G), the Rounding 
bit (R), and the “Sticky” bit (S)—to do the rounding. 
These are bits which hold data shifted out (right) of the 
accumulator. Rounding is carried out by the following 
rules, as shown in the following figure, after the result is 
normalized. 


Round to Even 


Round Up 
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PRELIMINARY 


APPLICATIONS INFORMATION 


The diagram in Figure 3 represents the minimum con- 


figuration of an 8232 system. The CPU transfers data to 
and from the 8232 Floating Point Processor using the 
READY line. The 8232 status is checked using polling by 
the CPU. 


In a high performance configuration (Figure 4), inter- 
rupts are used in place of polling. The interrupts are 
generated for an error condition and to signal the end of 
execution. Operand transfers are handled by the DMA 
controller. 


ADDRESS BUS 


8 
FLOATING POINT 
PROCESSOR 


Figure 3. Minimum Configuration Example 


8205 
DECODER 


8259A 
INTERRUPT 
CONTROLLER 


DBO-0B7 DBO-DB7 


ADDRESS BUS 


A8-A15 
> O—oloe ADDRESS 
STB 3282 


8237 
DMA CONTROLLER 
S 

oa = 
= © oO 
) () () 


8232 
FLOATING POINT 
PROCESSOR 


DBO-DB7 


SYSTEM DATA BUS 


Figure 4. High Performance Configuration Example 
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8232 PRELIMINARY 


ABSOLUTE MAXIMUM RATINGS* 


Storage Temperature .............. —65°C to + 150°C 
Ambient Temperature Under Bias ....... 0°C to +70°C 
Vpp with Respect toVss...........4- -—0.5V to +15.0V 
Voc with Respect toVsgg..........0065 —0.5V to +7.0V 
All Signal Voltages with Respect 

to Vss CAVA OHDOT EEE RESEND HR ER —0.5V to +7.0V 
Power Dissipation........... 0... cece eee eee eee 2.0W 


*NOTICE: Stresses above those listed under ‘“‘Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (1, = 0°C to 70°C, Veg = OV, Voc = +5V + 10%, Vpp = +12V +10%) 


A.C. CHARACTERISTICS 


READ OPERATION 


Ao, CS Setup to RD 
Ao, CS Hold from RD 
READY! from Ao, CS+ Delay (Note 2) 


READYt to RDt 


Data Bus Enable from RD} 
Data Valid to READYt 


tor Data Float after RDt 


[ symbct [Parmeter [win | yn | Max | Unite | Tost Conditions 
[Von | Ouiputrichvorese | 97 | [|| v | tome—200a 
[Vor [Output tow verge [| [oe |v | ta=32ma 
[Vn [trout HIGH vorage | 20 | | ve |v | SS 
[Vi | trput tow verge | -05 | [08 | v [SSS 
Tu | tmputtcaa Curent [| 


< 


< 


(Ta =0°C to 70°C, Vsg = OV, Voc = +5V + 10%, Vop= +12V + 10%) 
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A.C. CHARACTERISTICS (Continued) 


WRITE OPERATION 


Ao, CS Setup to WR 
Ao, CS Hold after WR 
READY! from Ao, CS! Delay (Note 2) 


READY? to WRt 


READY Pulse Width 


Data Setup to WRt 
Data Hold after WRt 


ACK} to END} Delay 


ACK Pulse Width 


NOTES: 
1. Typical values are for T, = 25°C, nominal supply voltages and nominal processing parameters. 
2. READY is pulled low for both command and data operations. 


3. Minimum values shown assume no previously entered command is being executed for the data access. If a previously entered command is being 
executed, READY low pulse width is the time to complete execution plus the time shown. Status may be read at any time without exceeding the time 


shown. 
4. END high pulse width is specified for EACK tied to Vgg. Otherwise teag applies. 


A.C. TESTING INPUT, OUTPUT WAVEFORM 


INPUT/OUTPUT 


3.7 


2.0 


>> test POINTS <<” C, = 150 pF 


0.8 


0.4 
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WAVEFORMS 


READ OPERATION 


CLOCK 


tcy tcpH je top, > 


tarY— tRRR 


READY 


DATA 
BUS 


WRITE OPERATION 


DATA 
BUS 


INTERRUPT OPERATION 
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8251A/S2657 
PROGRAMMABLE COMMUNICATION INTERFACE 


a Synchronous and Asynchronous = Asynchronous Baud Rate — DC to 
Operation 19.2K Baud 


= Full Duplex, Double Buffered, Trans- 


a Synchronous 5-8 Bit Characters; mitter and Receiver 


Internal or External Character Synchro- 
nization; Automatic Sync Insertion = Error Detection — Parity, Overrun and 
Framing 


a Asynchronous 5-8 Bit Characters; 


Rate; Break Character Generation; 1, a 28-Pin DIP Package 

112, or 2 Stop Bits; False Start Bit 

Detection; Automatic Break Detect a All oe Outputs are TTL 
and Handling Compatible 


Single +5V Suppl 
a Synchronous Baud Rate— DCto64k "~ 9° PPly 


Baud a Single TTL Clock 


The Intel® 8251A is the enhanced version of the industry standard, Intel® 8251 Universal Synchronous/Asynchronous 
Receiver/Transmitter (USART), designed for data communications with Intel’s new high performance family of 
microprocessors such as the 8085. The 8251A is used as a peripheral device and is programmed by the CPU to operate 
using virtually any serial data transmission technique presently in use (including IBM ‘“‘bi-sync’’). The USART accepts 
data characters from the CPU in parallel format and then converts them into a continuous serial data stream for 
transmission. Simultaneously, it can receive serial data streams and convert them into parallel data characters for the 
CPU. The USART will signal the CPU whenever it can accept a new character for transmission or whenever it has 
received a character for the CPU. The CPU can read the complete status of the USART at any time. These include data 


transmission errors and control signals such as SYNDET, TxEMPTY. The chip is constructed using N-channel silicon 
gate technology. 


DATA 


BUS 
0, > BUFFER 


TRANSMIT 
BUFFER 
(P-S) 


a. 


o, C1 28 [J 0, 
6, {) 2 27 [J] dD, 
RESET a RxD [7] 3 26 [7] v 
CLK TxRDY cc 
READ/WRITE GNo[(] 4 25 ] Rxc 
c/D CONTROL TRANSMIT TxE 0. Ts —— 
aD LOGIC CONTROL — i 


mr tae FHC o, (6 RTS 
o,C 7 DSR 
Ae D,LJ 8 RESET 
CS 7 
| TxC LJ 9 CLK 
\ R 
DSR wer te) 30 TxD 
— cs (11 Tx EMPTY 
sl RECEIVE e oe 
_ BUFFER RxD c/D [) 12 CTS 


(S'-P) RDC] 13 SYNDET/BD 


RxRDY LJ 14 


TxRDY 


RECEIVE 
CONTROL 


INTERNAL 
DATA BUS 


Figure 1. Block Diagram Figure 2. Pin Configuration 
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FEATURES AND ENHANCEMENTS 


8251A is an advanced design of the industry stan- 
dard USART, the Intel® 8251. The 8251A oper- 
ates with an extended range of Intel micropro- 
cessors that includes the new 8085 CPU and main- 
tains compatibility with the 8251. Familiarization 
time is minimal because of compatibility and 
involves only knowing the additional features and 
enhancements, and reviewing the AC and DC speci- 
fications of the 8251A. 


The 8251A incorporates all the key features of 
the 8251 and has the following additional features 
and enhancements: 


@ 8251A has double-buffered data paths with 
separate |1/O registers for control, status, 
Data In, and Data Out, which considerably 
simplifies control programming and mini- 
mizes CPU overhead. 


@ In asynchronous operations, the Receiver 
detects and handles “‘break’’ automatically, 
relieving the CPU of this task. 


@ A refined Rx _ initialization prevents the 
Receiver from starting when in “break” 
state, preventing unwanted interrupts from 
a disconnected USART. 


@ At the conclusion of a transmission, TxD 
line will always return to the marking state 
unless SBRK is programmed. 
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@ Tx Enable logic enhancement prevents a 


Tx Disable command from halting trans- 
mission until all data previously written has 
been transmitted. The logic also prevents 
the transmitter from turning off in the middle 
of a word. 


When External Sync Detect is programmed, 
Internal Sync Detect is disabled, and an Ex- 
ternal Sync Detect status is provided via a 
flip-flop which clears itself upon a status read. 


Possibility of false sync detect is minimized 
by ensuring that if double character sync is 
programmed, the characters be contiguously 
detected and also by clearing the Rx register 
to all ones whenever Enter Hunt command is 
issued in Sync mode. 


As long as the 8251A is not selected, the 
RD and WR do not affect the internal opera- 
tion of the device. 


The 8251A Status can be read at any time 
but the status update will be inhibited during 
Status read. 


The 8251A is free from extraneous glitches 
and has enhanced AC and DC characteristics, 
providing higher speed and better operating 
margins. 


@ Synchronous Baud rate from DC to 64K. 


Fully compatible with Intel’s new industry 
standard, the MCS-85. 
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FUNCTIONAL DESCRIPTION 


General 


The 8251A is a Universal Synchronous/Asynchronous Re- 
ceiver/Transmitter designed specifically for the 80/85 Micro- 
computer Systems. Like other I/O devices in a Microcom- 
puter System, its functional configuration is programmed 
by the system’s software for maximum flexibility. The 
8251A can support virtually any serial data technique cur- 
rently in use (including IBM “’bi-sync”’). 


In a communication environment an interface device must 
convert parallel format system data into serial format for 
transmission and convert incoming serial format data into 
parallel system data for reception. The interface device must 
also delete or insert bits or characters that are functionally 
unique to the communication technique. In essence, the 
interface should appear ‘‘transparent’’ to the CPU, a simple 
input or output of byte-oriented system data. 


Data Bus Buffer 


This 3-state, bidirectional, 8-bit buffer is used to interface 
the 8251A to the system Data Bus. Data is transmitted or 
received by the buffer upon execution of INput or OUTput 
instructions of the CPU. Control words, Command words 
and Status information are also transferred through the 
Data Bus Buffer. The command status and data in, and 
data out are separate 8-bit registers to provide double 
buffering. 

This functional block accepts inputs from the system Con- 
trol bus and generates control signals for overall device 
operation. It contains the Control Word Register and Com- 
mand Word Register that store the various control formats 
for the device functional definition. 


RESET (Reset) 

A “high” on this input forces the 8251A into an “Idle” 
mode. The device will remain at ‘‘Idle’’ until a new set of 
control words is written into the 8251A to program its 
functional definition. Minimum RESET pulse width is 
6 tey (clock must be running). 


CLK (Clock) 

The CLK input is used to generate internal device timing 
and is normally connected to the Phase 2 (TTL) output of 
the 8224 Clock Generator. No external inputs or outputs 
are referenced to CLK but the frequency of CLK must be 
greater than 30 times the Receiver or Transmitter data 
bit rates. 


WR (Write) 
A “low” on this input informs the 8251A that the CPU is 
writing data or control words to the 8251A. 


RD (Read) 


A “low” on this input informs the 8251A that the CPU is 
reading data or status information from the 8251A. 


C/D (Control/Data) 


This input, in conjunction with the WR and RD inputs, 
informs the 8251A that the word on the Data Bus is either 
a data character, control word or status information. 
1=CONTROL/STATUS O=DATA 


CS (Chip Select) 


A “low” on this input selects the 8251A. No reading or 
writing will occur unless the device is selected. When CS is 
high, the Data Bus in the float state and RD and WR will 
have no effect on the chip. 


TRANSMIT 
BUFFER 


TRANSMIT 
CONTROL 


RECEIVE 


INTERNAL CONTROL 


DATA BUS 


BRKDET 


Figure 3. 8251A Block Diagram Showing Data 
Bus Buffer and Read/Write Logic 


Functions 
C/D RD WR CS 
0 0 1 0 8251A DATA = DATA BUS 
0 1 0 0 DATA BUS = 8251A DATA 
1 0 i 0 STATUS = DATA BUS 
1 1 8) 0 DATA BUS = CONTROL 
x 1 1 0 DATA BUS = 3-STATE 
x xX xX 1 DATA BUS = 3-STATE 


Modem Control 


The 8251A has a set of control inputs and outputs that can 
be used to simplify the interface to almost any Modem. The 
Modem control signals are general purpose in nature and 
can be used for functions other than Modem control, if 
necessary. 
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DSR (Data Set Ready) 

The DSR input signal is a general purpose, 1-bit inverting 
input port. Its condition can be tested by the CPU using a 
Status Read operation. The DSR input is normally used to 
test Modem conditions such as Data Set Ready. 


DTR (Data Terminal Ready) 


The DTR output signal is a general purpose, 1-bit inverting 
output port. It can be set ‘‘low’’ by programming the ap- 
propriate bit in the Command Instruction word. The DTR 
output signal is normally used for Modem control such as 
Data Terminal Ready or Rate Select. 


RTS (Request to Send) 


The RTS output signal is a general purpose, 1-bit inverting 
output port. It can be set “‘low’’ by programming the ap- 
propriate bit in the Command Instruction word. The RTS 
Output signal is normally used for Modem control such as 
Request to Send. 


CTS (Clear to Send) 


A “low” on this input enables the 8251A to transmit 
serial data if the Tx Enable bit in the Command byte is 
set to a “one.” If either a Tx Enable off or CTS off condi- 
tion occurs while the Tx is in operation, the Tx will 
transmit all the data in the USART, written prior to Tx 
Disable command before shutting down. On the 8251A/ 
$2657 if CTS off or Tx Enable off condition occurs before 
the last character written appears in the serial bit stream, 
that character will be transmitted again upon CTS on or Tx 
Enable on condition. 


Transmitter Buffer 


The Transmitter Buffer accepts parallel data from the Data 
Bus Buffer, converts it to a serial bit stream, inserts the 
appropriate characters or bits (based on the communica- 
tion technique) and outputs a composite serial stream of 
data on the TxD output pin on the falling edge of TxC. 
The transmitter will begin transmission upon being enabled 
if CTS = 0. The TxD line will be held in the marking 
state immediately upon a master Reset or when Tx Enable/ 
CTS off or TxEMPTY. 


Transmitter Control 


The transmitter Control manages all activities associated 
with the transmission of serial data. It accepts and issues 
signals both externally and internally to accomplish this 
function. 


TxRDY (Transmitter Ready) 


This output signals the CPU that the transmitter is ready to 
accept a data character. The TxRDY output pin can be 
used as an interrupt to the system, since it is masked by 
Tx Disabled, or, for Polled operation, the CPU can check 
TxRDY using a Status Read operation. TxRDY is auto- 
matically reset by the leading edge of WR when a data 
character is loaded from the CPU. 


Note that when using the Polled operation, the TxRDY 
status bit is not masked by Tx Enabled, but will only 
indicate the Empty/Full Status of the Tx Data Input 
Register. 
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TxE (Transmitter Empty) 


When the 8251A has no characters to transmit, the Tx EMP- 
TY output will go “high”. It resets automatically upon re- 
ceiving a character from the CPU if the transmitter is 
enabled. TxEMPTY can be used to indicate the end of a 
transmission mode, so that the CPU “‘knows” when to “‘turn 
the line around” in the half-duplexed operational mode. 


In S¥YNChronous mode, a “high’’ on this output indicates 
that a character has not been loaded and the SYNC charac- 
ter or characters are about to be or are being transmitted 
automatically as ‘’fillers’. TxEMPTY does not go low 
when the SYNC characters are being shifted out. 


DATA 
BUS 
BUFFER 


READ/WRITE 
CONTROL 
LOGIC 


RECEIVE 
BUFFER 
(S -P) 


RECEIVE 


INTERNAL CONTROL 


DATA BUS 


ze» SYNDET/ 
BRKDET 


Figure 4. 8251A Block Diagram Showing Modem 
and Transmitter Buffer and Control 
Functions 


TxC (Transmitter Clock) 


The Transmitter Clock controls the rate at which the char- 
acter is to be transmitted. In the Synchronous transmission 
mode, the Baud Rate (1x) is equal to the TxC frequency. 
In Asynchronous transmission mode the baud rate is a 
fraction of the actual TxC frequency. A portion of the 
mode instruction selects this factor; it can be 1, 1/16 or 
1/64 the TxC. 


For Example: 


If Baud Rate equals 110 Baud, 
TxC equals 110 Hz (1x) 

TxC equals 1.76 kHz (16x) 
TxC equals 7.04 kHz (64x). 


The falling edge of TxC shifts the serial data out of the 
8251A. 
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Receiver Buffer 


The Receiver accepts serial data, converts this serial input 
to parallel format, checks for bits or characters that are 
unique to the communication technique and sends an 
“assembled” character to the CPU. Serial data is input to 
RxD pin, and is clocked in on the rising edge of RxC. 


Receiver Control 


This functional block manages all receiver-related activities 
which consist of the following features: 


The RxD initialization circuit prevents the 8251A from 
mistaking an unused input line for an active low data 
line in the “‘break condition’. Before starting to receive 
serial characters on the RxD line, a valid ‘‘1’’ must first 
be detected after a chip master Reset. Once this has been 
determined, a search for a valid low (Start bit) is en- 
abled. This feature is only active in the asynchronous 
mode, and is only done once for each master Reset. 


The False Start bit detection circuit prevents false starts 
due to a transient noise spike by first detecting the fall- 
ing edge and then strobing the nominal center of the 
Start bit (RxD = low). 


The Parity Toggle F/F and Parity Error F/F circuits are 
used for parity error detection and set the corresponding 
Status bit. 


The Framing Error Flag F/F is set if the Stop bit is 
absent at the end of the data byte (asynchronous mode), 
and also sets the corresponding status bit. 


RxRDY (Receiver Ready) 


This output indicates that the 8251A contains a character 
that is ready to be input to the CPU. Rx RDY can be con- 
nected to the interrupt structure of the CPU or, for Polled 
operation, the CPU can check the condition of RxRDY 
using a Status Read operation. 


Rx Enable off both masks and holds RxRDY in the Reset 
Condition. For Asynchronous mode, to set RxRDY, the 
Receiver must be Enabled to sense a Start Bit and a com- 
plete character must be assembled and transferred to the 
Data Output Register. For Synchronous mode, to set 
RxRDY, the Receiver must be enabled and a character 
must finish assembly and be transferred to the Data Output 
Register. 


Failure to read the received character from the Rx Data 
Output Register prior to the assembly of the next Rx Data 
character will set overrun condition error and the previous 
character will be written over and lost. If the Rx Data is 
being read by the CPU when the internal transfer is occur- 
ring, overrun error will be set and the old character will be 
lost. 


RxC (Receiver Clock) 


The Receiver Clock controls the rate at which the character 
is to be received. In Synchronous Mode, the Baud Rate (1x) 
is equal to the actual frequency of RxC. In Asynchronous 
Mode, the Baud Rate is a fraction of the actual RxC fre- 
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quency. A portion of the mode instruction selects this 
factor; 1, 1/16 or 1/64 the RxC. 


For Example: 


Baud Rate equals 300 Baud, if 
RxC equals 300 Hz (1x) 

RxC equals 4800 Hz (16x) 
RxC equals 19.2 kHz (64x). 


Baud Rate equals 2400 Baud, if 
RxC equals 2400 Hz (1x) 

RxC equals 38.4 kHz (16x) 
RxC equals 153.6 kHz (64x). 


Data is sampled into the 8251A on the rising edge of RxC. 


NOTE: In most communications systems, the 8251A will 
be handling both the transmission and reception operations 
of a single link. Consequently, the Receive and Transmit 
Baud Rates will be the same. Both TxC and RxC will re- 
quire identical frequencies for this operation and can be 
tied together and connected to a single frequency source 
(Baud Rate Generator) to simplify the interface. 


SYNDET (SYNC Detect)/BRKDET (Break Detect) 


This pin is used in S¥NChronous Mode for SYNDET and 
may be used as either input or output, programmable 
through the Control Word. It is reset to output mode low 
upon RESET. When used as an output (internal Sync mode), 
the SYNDET pin will go “high” to indicate that the 8251A 
has located the SYNC character in the Receive mode. If the 
8251A is programmed to use double Sync characters (bi- 
sync), then SYNDET will go “‘high’”’ in the middle of the 
last bit of the second Sync character. SYNDET is auto- 
matically reset upon a Status Read operation. 


DATA TRANSMIT 
BUS BUFFER 
BUFFER (P -S) 


READ/WRITE 


LOGIC CONTROL 


INTERNAL 
DATA BUS 


BRKDET 


Figure 5. 8251A Block Diagram Showing 
Receiver Buffer and Control Functions 
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When used as an input (external SYNC detect mode), a 
positive going signal will cause the 8251A to start assem- 
bling data characters on the rising edge of the next RxC. 
Once in SYNC, the “high’’ input signal can be removed. 
When External SYNC Detect is programmed, the Internal 
SYNC Detect is disabled. 


BREAK DETECT (Async Mode Only) 


This output will go high whenever the receiver remains low 
through two consecutive stop bit sequences (including the 
start bits, data bits, and parity bits). Break Detect may also 
be read as a Status bit. It is reset only upon a master chip 
Reset or Rx Data returning to a ‘“‘one”’ state. 


NOTE: On the 8251A/S2657, if the RxData returns to a 
“one’’ state during the last bit of the next character after 
the break, break detect will latch-up, and the device must 
be cleared by a Chip Reset. 


ADDRESS BUS 


CONTROL BUS, 


1/0 R| 1/0 W) RESET 2 
(TT 


DATA BUS 


Figure 6. 8251A Interface to 8080 Standard 
System Bus 


DETAILED OPERATION DESCRIPTION 


General 

The complete functional definition of the 8251A is pro- 
grammed by the system’s software. A set of control words 
must be sent out by the CPU to initialize the 8251A to 
support the ‘desired communications format. These control 
words will program the: BAUD RATE, CHARACTER 
LENGTH, NUMBER OF STOP BITS, SYNCHRONOUS or 


ASYNCHRONOUS OPERATION, EVEN/ODD/OFF PAR- 
ITY, etc. In the Synchronous Mode, options are also pro- 
vided to select either internal or external character synchro- 


nization. 


Once programmed, the 8251A is rzady to perform its com- 
munication functions. The TxRDY output is raised “‘high’’ 
to signal the CPU that the 8251A is ready to receive a data 
character from the CPU. This otitput (TxRDY) is reset 
_ automatically when the CPU writes a character into the 
8251A. On the other hand, the 82251A receives serial data 
from the MODEM or I/O device. Upon receiving an entire 
character, the RxRDY output is raised ‘‘high”’ to signal the 
CPU that the 8251A has a complete character ready for the 
CPU to fetch. RxRDY is reset automatically upon the CPU 
data read operation. 


The 8251A cannot begin transmission until the Tx Enable 
(Transmitter Enable) bit is set in the Command Instruction 
and it has received a Clear To Send (CTS) input. The TxD 
output will be held in the marking state upon Reset. 


Programming the 8251A 

Prior to starting data transmission or reception, the 8251A 
must be loaded with a set of control words generated by 
the CPU. These control signals define the complete func- 
tional definition of the 8251A and must immediately fol- 
low a Reset operation (internal or external). 


The control words are split into two formats: 


1. Mode Instruction 
2. Command Instruction 


Mode Instruction 


This format defines the general operational characteristics 
of the 8251A. It must follow a Reset operation (internal or 
external). Once the Mode Instruction has been written into 
the 8251A by the CPU, SYNC characters or Command In- 
structions may be inserted. 


Command Instruction 


This turmat defines a status word that is used to control the 
actual operation of the 8251A. 


Both the Mode and Command Instructions must conform 
to a specified sequence for proper device operation. The 
Mode Instruction must be inserted immediately following a 
Reset operation, prior to using the 8251A for data com- 
munication. 


All control words written into the 8251A after the Mode In- 
struction will load the Command Instruction. Command 
Instructions can be written into the 8251A at any time in 
the data block during the operation of the 8251A. To re- 
turn to the Mode Instruction format, the master Reset bit 
in the Command Instruction word can be set to initiate an 
internal Reset operation which automatically places the 
8251A back into the Mode Instruction format. Command 
Instructions must follow the Mode Instructions or Sync 
characters. 


MODE INSTRUCTION 
SYNC CHARACTER 1 
SYNC MODE 
SYNC CHARACTER 2 ONLY 
COMMAND INSTRUCTION 


C/D = 1 COMMAND INSTRUCTION 


c/D =0 DATA 
C/D = 1 COMMAND INSTRUCTION 


The second SYNC character is skipped if MODE instruction 
has programmed the 8251A to single character Internal SYNC 
Mode. Both SYNC characters are skipped if MODE instruction 
has programmed the 8251A to ASYNC mode. 


Figure 7. Typical Data Block 
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Mode Instruction Definition 


The 8251A can be used for either Asynchronous or Syn- 
chronous data communication. To understand how the 
Mode Instruction defines the functional operation of the 
8251A, the designer can best view the device as two sepa- 
rate Components sharing the same package, one Asynchro- 
nous the other Synchronous. The format definition can be 
changed only after a master chip Reset. For explanation 
purposes the two formats will be isolated. 


NOTE: When parity is enabled it is not considered as one of 
the data bits for the purpose of programming the word 
length. The actual parity bit received on the Rx Data line 
cannot be read on the Data Bus. In the case of a pro- 
grammed character length of less than 8 bits, the least 
significant Data Bus bits will hold the data; unused bits are 
“don’t care’ when writing data to the 8251A, and will be 
“‘zeros’’ when reading the data from the 8251A. 


Asynchronous Mode (Transmission) 


Whenever a data character is sent by the CPU the 8251A 
automatically adds a Start bit (low level) followed by the 
data bits (least significant bit first), and the programmed 
number of Stop bits to each character. Also, an even or 
odd Parity bit is inserted prior to the Stop bit(s), as de- 
fined by the Mode Instruction. The character is then trans- 
mitted as a serial data stream on the TxD output. The serial 
data is shifted out on the falling edge of TxC at a rate equal 
to 1, 1/16, or 1/64 that of the TxC, as defined by the Mode 
Instruction. BREAK characters can be continuously sent to 
the TxD if commanded to do so. 


When no data characters have been loaded into the 8251A 
the TxD output remains “high’’ (marking) unless a Break 
(continuously low) has been programmed. 


Asynchronous Mode (Receive) 


The RxD line is normally high. A falling edge on this line 
triggers the beginning of a START bit. The validity of this 
START bit is checked by again strobing this bit at its nom- 
inal center (16X or 64X mode only). If a low is detected 
again, it is a valid START bit, and the bit counter will 
start counting. The bit counter thus locates the center of 
the data bits, the parity bit (if it exists) and the stop bits. 
If parity error occurs, the parity error flag is set. Data and 
parity bits are sampled on the RxD pin with the rising edge 
of RxC. If a low level is detected as the STOP bit, the 
Framing Error flag will be set. The STOP bit signals the end 
of a character. Note that the rece/ver requires only one stop 
bit, regardless of the number of stop bits programmed. This 
character is then loaded into the parallel |/O buffer of the 
8251A. The RxRDY pin is raised to signal the CPU that a 
character is ready to be fetched. If a previous character has 
not been fetched by the CPU, the present character replaces 
it in the 1/O buffer, and the OVERRUN Error flag is raised 
(thus the previous character is lost). All of the error flags 
can be reset by an Error Reset Instruction. The occurrence 
of any of these errors will not affect the operation of the 
8251A. 
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D, 


D, De Of ODO, D3 


BD, 


BAUD RATE FACTOR 


5 6 7 8 
BITS | BITS | BITS | BITS 


PARITY ENABLE 
1= ENABLE 0 = DISABLE 


EVEN PARITY GENERATION/CHECK 
1=EVEN 0=O0ODD 


NUMBER OF STOP BITS 


1 VY, 2 
(ONLY EFFECTS Tx; Rx NEVER 


REQUIRES MORE THAN ONE 
STOP BIT) 


Figure 8. Mode Instruction Format, 
Asynchronous Mode 


GENERATED 
BY 82514 


PARITY 
BIT 


DOES NOT APPEAR 
Do D1 -—--Dx ON THE DATA BUS 


TRANSMITTER OUTPUT Dg O1=--— Dx 


TxD MARKING DATA BITS 


RECEIVER INPUT 


START PARITY STOP 


0 neers 2 seroma 
PROGRAMMED 
CHARACTER 
LENGTH 


TRANSMISSION FORMAT 
CPU BYTE (5-8 BITS/CHAR) 


| DATA CHARACTER | 


ASSEMBLED SERIAL DATA OUTPUT (TxD) 


al ia STOP 


RECEIVE FORMAT 


SERIAL DATA INPUT (RxD) 


Gal kal STOP 


CPU BYTE (5-8 BITS/CHAR)* 


| DATA CHARACTER | 


*NOTE: IF CHARACTER LENGTH IS DEFINED AS 5,60OR 7 
BITS THE UNUSED BITS ARE SET TO “ZERO” 


Figure 9. Asynchronous Mode 
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Synchronous Mode (Transmission) 


The TxD output is continuously high until the CPU sends 
its first character to the 8251A which usually is a SYNC 
character. When the CTS line goes low, the first character 
is serially transmitted out. All characters are shifted out on 
the falling edge of TxC. Data is shifted out at the same 
rate as the TxC. 


Once transmission has started, the data stream at the TxD 
output must continue at the TxC rate. If the CPU does not 
provide the 8251A with a data character before the 8251A 
Transmitter Buffers become empty, the SYNC characters 
(or character if in single SYNC character mode) will be 
automatically inserted in the TxD data stream. In this case, 
the TxEMPTY pin is raised high to signal that the 8251A is 
empty and SYNC characters are being sent out. TxEMPTY 
does not go low when the SYNC is being shifted out (see 
figure below). The TxEMPTY pin is internally reset by a 
data character being written into the 8251A. 


AUTOMATICALLY INSERTED BY USART 


TxD | DATA | DATA | SYNC 1} SYNC 2.| DATA |----— | 
FALLS UPON CPU WRITING A 
TxEMPTY / \ \ \ \ \ \ \ \ y CHARACTER TO THE USART 


® 


NOMINAL CENTER OF LAST BIT 


Synchronous Mode (Receive) 

In this mode, character synchronization can be internally 
or externally achieved. If the SYNC mode has been pro- 
grammed, ENTER HUNT command should be included in 
the first command instruction word written. Data on the 
RxD pin is then sampled in on the rising edge of RxC. The 
content of the Rx buffer is compared at every bit boundary 
with the first SYNC character until a match occurs. If the 
8251A has been programmed for two SYNC characters, the 
subsequent received character is also compared; when both 
SYNC characters have been detected, the USART ends the 
HUNT mode and is in character synchronization. The 
SYNDET pin is then set high, and is reset automatically by 
a STATUS READ. If parity is programmed, SYNDET 
will not be set until the middle of the parity bit instead of 
the middle of the last data bit. 


In the external SYNC mode, synchronization is achieved by 
applying a high level on the SYNDET pin, thus forcing the 
8251A out of the HUNT mode. The high level can be 
removed after one RxC cycle. An ENTER HUNT command 
has no effect in the asynchronous mode of operation. 


Parity error and overrun error are both checked in the same 
way as in the Asynchronous Rx mode. Parity is checked 
when not in Hunt, regardless of whether the Receiver is 
enabled or not. 


The CPU can command the receiver to enter the HUNT 
mode if synchronization is lost. This will also set all the 
used character bits in the buffer to a ‘‘one’’, thus prevent- 
ing a possible false SYNDET caused by data that happens 
to be in the Rx Buffer at ENTER HUNT time. Note that 


8251A/S2657 


the SYNDET F/F is reset at each Status Read, regardless ot 
whether internal or external SYNC has been programmed. 
This does not cause the 8251A to return to the HUNT 
mode. When in SYNC mode, but not in HUNT, Sync Detec- 
tion is still functional, but only occurs at the “known” 
word boundaries. Thus, if one Status Read indicates SYN- 
DET and a second Status Read also indicates SYNDET, 
then the programmed SYNDET characters have been re- 
ceived since the previous Status Read. (If double character 
sync has been programmed, then both sync characters have 
been contiguously received to gate a SYNDET indication.) 
When external SYNDET mode is selected, internal Sync 
Detect is disabled, and the SYNDET F/F may be set at 
any bit boundary. 


D; 0, Dd, 


CHARACTER LENGTH 


PARITY ENABLE 
(1 = ENABLE) 
(0 = DISABLE) 


EVEN PARITY GENERATION/CHECK 
1= EVEN 
0= ODD 


EXTERNAL SYNC DETECT 
1 = SYNDET IS AN INPUT 
0 = SYNDET IS AN OUTPUT 


SINGLE CHARACTER SYNC 
1 = SINGLE SYNC CHARACTER 
0 = DOUBLE SYNC CHARACTER 


NOTE: IN EXTERNAL SYNC MODE, PROGRAMMING DOUBLE CHARACTER 
SYNC WILL AFFECT ONLY THE Tx. 


Figure 10. Mode Instruction Format, 
Synchronous Mode 


CPU BYTES (5-8 BITS/CHAR) 


| DATA CHARACTERS | 


ASSEMBLED SERIAL DATA OUTPUT (TxD) 


SYNC SYNC 
CHAR 1 CHAR 2 DATA CHARACTERS | 


RECEIVE FORMAT 


SERIAL DATA INPUT (RxD) 
SYNC SYNC | 
ATA R 
CHAR 1 CHAR 2 D CHARACTERS 


CPU BYTES (5-8 BITS/CHAR) 


| DATA CHARACTERS | 


Figure 11. Data Format, Synchronous Mode 
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COMMAND INSTRUCTION DEFINITION 


Once the functional definition of the 8251A has been pro- 
grammed by the Mode Instruction and the Sync Characters 
are loaded (if in Sync Mode) then the device is ready to be 
used for data communication. The Command Instruction 
controls the actual operation of the selected format. Func- 
tions such as: Enable Transmit/Receive, Error Reset and 
Modem Controls are provided by the Command Instruction. 


Once the Mode Instruction has been written into the 8251A 
and Sync characters inserted, if necessary, then all further 


“control writes’ (C/D = 1) will load a Command Instruc- 
tion. A Reset Operation (internal or external) will return 
the 8251A to the Mode Instruction format. 


Pa 


Dp oO; DB, PD, BD, BD BO, Dz 


TRANSMIT ENABLE 


= enable 
O = disable 


DATA TERMINAL 
READY 

“high” will force OTR 
output to zero 


RECEIVE ENABLE 
1 = enable 
0 = disable 


SEND BREAK 
CHARACTER 
1 = forces TxD “‘low”’ 
0 = normal operation 


ERROR RESET 
1 = reset error flags 
PE, OE, FE 


REQUEST TO SEND 
“high” will force RTS 
output to zero 


INTERNAL RESET 
“high” returns 8251A to 
Mode Instruction Format 


ENTER HUNT MODE* 


1 = enable search for Sync 
Characters 


* (HAS NO EFFECT 
IN ASYNC MODE) 


Note: Error Reset must be performed whenever RxEnable 
and Enter Hunt are programmed. 


Figure 12. Command Instruction Format 
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STATUS READ DEFINITION 


In data communication systems it is often necessary to 
examine the “‘status’’ of the active device to ascertain if 
errors have occurred or other conditions that require the 
processor’s attention. The 8251A has facilities that allow 
the programmer to ‘‘read’’ the status of the device at any 
time during the functional operation. (The status update is 
inhibited during status read). 


A normal “read’’‘ command is issued by the CPU with c/D = 4 
to accomplish this function. 


Some of the bits in the Status Read Furmat have identical 
meanings to external output pins so that the 8251A can be 
used in a completely Polled environment or in an interrupt 
driven environment. TxRDY is an exception. 


Note that status update can have a maximum delay of 28 
clock periods from the actual event affecting the status. 


D, De Ds D, D, D, D, Ge 


SAME DEFINITIONS AS 1/O PINS 


PARITY ERROR 
The PE flag is set when a parity 
error is detected. It is reset by 
the ER bit of the Command 
Instruction. PE does not inhibit 
operation of the 8251A. 


OVERRUN ERROR 
The OE flag is set when the CPU 
does not read a character before 
the next one becomes available. 

It is reset by the ER bit of the 
Command Instruction. OE does 
not inhibit operation of the 8251A 
however, the previously overrun 
character is lost. 


FRAMING ERROR (Async only) 
The FE flag is set when a valid 
Stop bit is not detected at the 
end of every character. It is reset 
by the ER bit of the Command 
Instruction. FE does not inhibit 
the operation of the 8251A. 


DATA SET READY: Indicates 
that the DSR ts at a zero level. 


Note 1: TxRDY status bit has different meanings from the 
TxRDY output pin. The former is not conditioned 
by CTS and TxEN; the latter is conditioned by both 
CTS and TxEN. 

i.e. TXRDY status bit = DB Buffer Empty 
TxRDY pin out = DB Buffer Empty -(CTS=0)- 
(TxEN=1) : 


Figure 13. Status Read Format 
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APPLICATIONS OF THE 8251A 


[semen 
Neos 


CONTROL BUS 


DATA BUS 


CONVERT 
(OPT) 
BAUD 
RATE 
GENERATOR TELEPHONE 
LINE 


BAUD RATE 
GENERATOR TERMINAL 


Figure 16. Asynchronous Interface to Telephone 


Figure 14. Asynchronous Serial Interface to CRT Lines 


Terminal, DC—9600 Baud 


ADDRESS BUS 
CONTROL BUS 


DATA BUS 


ADDRESS BUS 


CONTROL BUS 


SYNCHRONOUS 
TERMINAL 
OR PERIPHERAL 
DEVICE 


TELEPHONE 
LINE 


Figure 15. Synchronous Interface to Terminal or Figure 17. Synchronous Interface to Telephone 
Peripheral Device Lines 
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ABSOLUTE MAXIMUM RATINGS* 


“NOTICE: Stresses above those listed under ‘‘Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


AEDST VERN PANIURE ORE REE 6 + i 2 2.1.5 o eas thal tion of the device at these or any other conditions above 
Storage ‘Fempergture ee ee —65 € to +150°C those indicated in the operational sections of this specifi- 
Voltage On Any Pin cation is not implied. Exposure to absolute maximum 

With Respect toGround............ —0.5V to +7V rating conditions for extended periods may affect device 
Power Dissipation. .............0..200008 1 Watt reliability. 


D.C. CHARACTERISTICS (Tx, = 0°C to 70°C, Vcc = 5.0V +5%, GND = OV) 


Test Conditions 


| Symbol Mn | vat 

CRE a i a 
vou | —Outout ow vores |__| eas |v [ grea 
Von | Owen vores [28] | Yow 000k 


CAPACITANCE (Ty, = 25°C, Vcc = GND = OV) 


[eee [poem 
Cio |/O Capacitance Li ced 


| Unit Test Conditions 
| 200 | Unmeasured pins returned to GND 


A.C. CHARACTERISTICS (1, = 0°C to 70°C, Vcc = 5.0V +5%, GND = OV) 


Bus Parameters (Note 1) 
READ CYCLE 


Parameter 
Address Stable Before READ (CS, C/D) 


Address Hold Time for READ (CS, C/D) 


Data Delay from READ 


READ to Data Floating 


-Symbor 
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A.C. CHARACTERISTICS (Continued) 


WRITE CYCLE 


[___Parameter___——=S«|SMin “| Max | Unit | Test Condtions 
Address Sable Bofoe WATE dso | |e 
Aare Hold Time orWATE | so | |» | 


Symbol | 
Data Set Up Time for WRITE | 150 | | ons 
huts Data Hold Time for WRITE a a ee 


OTHER TIMINGS 


Test Conditions 


fever sew ore a 
CS: 
wis ad 
Transmitter Input Clock Frequency 
1x Baud Rate 
16x Baud Rate 
64x Baud Rate 
Transmitter Input Clock Pulse Width 
1x Baud Rate 
16x and 64x Baud Rate 
Transmitter Input Clock Pulse Delay 
1x Baud Rate 
16x and 64x Baud Rate 
Receiver Input Clock Frequency 
1x Baud Rate 
16x Baud Rate 
64x Baud Rate 
Receiver Input Clock Pulse Width 
1x Baud Rate 
16x and 64x Baud Rate 
Receiver Input Clock Pulse Delay 


1x Baud Rate 
16x and 64x Baud Rate 


+ 
2) 
< 


ot 
i) 
< 


faa 
OQ 
< 


ort | ect 
cy 1D 
< |x 


tcy 
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A.C. CHARACTERISTICS (Continued) 


NOTES: 

1. AC timings measured Voy = 2.0, Vo, = 0.8, and with load circuit of Figure 1. 

2. Chip Select (CS) and Command/Data (C/D) are considered as Addresses. 

3. Assumes that Address is valid before Rp|. 

4. This recovery time is for Mode Initialization only. Write Data is allowed only when TxRDY = 1. Recovery Time between Writes for 
Asynchronous Mode is 8 tcy and for Synchronous Mode is 16 tcy. 

. The TxC and RxC frequencies have the following limitations with respect to CLK: For 1x Baud Rate, fry or fry < 1/(30 tcy); For 16x and 
64x Baud Rate, fry or fry < 1/(4.5 tey). 

6. Reset Pulse Width = 6 tcy minimum; System Clock must be running during Reset. 

7. Status update can have a maximum delay of 28 clock periods from the event affecting the status. 


a 


TYPICAL A OUTPUT DELAY VS. A CAPACITANCE (pF) 


7) 
£ 
> 
< 
a 
Ww 
Q 
= 
= 
a 
= 
= 
ie) 
4 


-50 0 +50 


-\ CAPACITANCE (pF) 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 


2 TEST POINTS < 


0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC "1" AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC “1” 
AND 0.8V FOR A LOGIC “0.” 
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WAVEFORMS 
SYSTEM CLOCK INPUT 


TRANSMITTER CLOCK AND DATA 


tTPW 


TxC (1x MODE) 


TxE (16xMODE) 


_ 


Tx DATA 


RECEIVER CLOCK AND DATA 


(Rx BAUD COUNTER STARTS HERE) 


Rx DATA START BIT DATA BIT DATA BIT 


treo 
— trew 
RxC (1x MODE) 
8 RxC PERIODS 
— (16x MODE) —_> |= 16 RxC PERIODS (16x MODE) 


RxC (16 MODE) 
—> <= 3t, 


INT SAMPLING 
PULSE 


ty 


WRITE DATA CYCLE (CPU — USART) 


TxRDY / \ 


[pare tTxRDY CLEAR 
tww = | 
Wr | =| 
= tow — two 
DON'T CARE DON'T CARE 
DATA IN (D.B.) DATA STABLE 


c/6 


cs 


READ DATA CYCLE (CPU — USART) 
RxRDY / \ 


| tRxRDY CLEAR 


Ra ‘RR——> 
—s tro — [+-toF 


DATA FLOAT DATA FLOAT 


DATA OUT (D.B.) 


c/5 
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WAVEFORMS (Continued) 


WRITE CONTROL OR OUTPUT PORT CYCLE (CPU — USART) 
(NOTE =14)—°§ ————-—— A 

et ee Oe 

Wr 


DATA IN (D.B.) 


READ CONTROL OR INPUT PORT (CPU =a USART) 


DSR, CTS 4 Se 
(NOTE =2) 


_—— tcR nec 
tRR | 


| 
44 |=- tro 


DATA OUT 
(D.B.) 


NOTE #1: Two INCLUDES THE RESPONSE TIMING OF ACONTROL BYTE. 
NOTE #2: Tog INCLUDES THE EFFECT OF CTS ON THE TxENBL CIRCUITRY. 


tTxEMPTY 


(STATUS BIT) 


Tx READY fs aN 
iia, Wr DATA3 Wr DATA4 
c/D Bt Bee ie eee 
Wr ‘ ’ ‘s a 


Tx DATA 


DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 DATA CHAR 4 


START BIT 
DATA BIT 
STOP BIT 


EXAMPLE FORMAT = 7 BIT CHARACTER WITH PARITY & 2 STOP BITS. 
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WAVEFORMS (Continued) 


RECEIVER CONTROL AND FLAG TIMING (ASYNC MODE) 


BREAK DETECT 


FRAMING ERROR 
ISTATUS BiT: 


OVERRUN ERROR 
(STATUS BIT) 


Rx RDY 


co 
é 1 
Ru 


DATACHAR 1 DATA CHAR 2 DATACHAR 3 


0 

1 
2 
3 
4 
5 
6 


RuEn . ErrRes ° 


EXAMPLE FORMAT 7 BIT CHARACTER WITH PARITY & 2 STOP BITS 


START BIT 
DATA BIT 
PARITY BIT 
STOP BIT 
START BIT 
DATA BIT 
PARITY BIT 
STOP BIT . 


TRANSMITTER CONTROL AND FLAG TIMING (SYNC MODE) 


Tx EMPTY 


Tx READY 
(STATUS BIT) 


Ha 
SBRK . 
WY \LZY 


WrDATA Wr ie =H i ae es Wr COMMAND 
CHAR 1 CHAR 2 CHAR 3 CHAR 4 SBRK © 
, DATA Te DATA pa 
tS 4 


| Sie —__. pen DATA DATA SYNC 
MARKING STATE ee 1 Es 2 CHAR 1 SYNC CHAR 2 = 3 eS 5 CHAR LIC 


TxDATA TDORAETIOORIIAOOAOQOORASIOORAIOOOOT ro ‘vy RRAEAOOHHO: 


EXAMPLE FORMAT = 5 BIT CHARACTER WITH PARITY, 2 SYNC CHARACTERS. 


RECEIVER CONTROL AND FLAG TIMING (SYNC MODE) 


SYNDET 
(PIN) NOTE «1 


SYNDET (S.B) 


OVERRUN DATA CHAR 2 j 
ERROR (SB) 
. S LOST 


Rx RDY (PIN) 


a) Vas i ae 


RsEni aE: DATA ir DATA 
RE: 1 


DON'T SYNC SYNC DATA Veaine ek Ex 
CARE CHAR 1 CHAR 2 CHAR 1 DON'T ae | CHAR 1 CHAR 2 


SS SS PSY | SEPT 


BR RVVAVIVAAV-V-V-7-4 
Re OATA  NCEREGUECTAGGaT: CETTE SCE SVGTD: SITE. GUSTER. SETTESTSOTTCR. SEcTe Nave 


CHAR ASSY 
CHAR ASSY BEGINS / 
.] |, BEGINS 


avATAUAT gu ul 
4 EXIT HUNT MODE f 


exit Hunt move /” 
selicidbicaials SET SYN DET (STATUS BIT) SET SYNDET (STATUS GIT) 


NOTE 1 INTERNAL SYNC. 2 SYNC CHARACTERS, 5 BITS, WITH PARITY 
NOTE .2 EXTERNAL SYNC. 5 BITS, WITH PARITY 
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PROGRAMMABLE INTERVAL TIMER 


=» MCS-85™ Compatible 8253-5 = Count Binary or BCD 


a 3 Independent 16-Bit Counters 
=a Single +5V Supply 
a DC to 2 MHz 


= Programmable Counter Modes a 24-Pin Dual In-Line Package 


The Intel® 8253 is a programmable counter/timer chip designed for use as an Intel microcomputer peripheral. It uses 
nMOS technology with a single +5V supply and is packaged in a 24-pin plastic DIP. 


It is organized as 3 independent 16-bit counters, each with a count rate of up to 2 MHz. All modes of operation are soft- 
ware programmable. 


CLK O 


i a GATE 0 


OUT 0 


CLK 1 
COUNTER 


OUT 1 
A 
cs 
CLK 2 
CONTROL cs COUNTER 
=2 


WORD GATE 2 


1 
2 
3 
4 
5 
6 
7 
8 
9 


= 
Oo 


REGISTER 


OUT 2 


INTERNAL BUS f. 


Figure 1. Block Diagram Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 
General 


The 8253 is a programmable interval timer/counter 
specifically designed for use with the Intel™ Micro- 
computer systems. Its function is that of a general 
purpose, multi-timing element that can be treated as an 
array of I/O ports in the system software. 


The 8253 solves one of the most common problems in any 
microcomputer system, the generation of accurate time 
delays under software control. Instead of setting up timing 
loops in systems software, the programmer configures the 
8253 to match his requirements, initializes one of the 
counters of the 8253 with the desired quantity, then upon 
command the 8253 will count out the delay and interrupt 
the CPU when it has completed its tasks. It is easy to see 
that the software overhead is minimal and that multiple 
delays can easily be maintained by assignment of priority 
levels. 


Other counter/timer functions that are non-delay in 
nature but also common to most microcomputers can be 
implemented with the 8253. 
e Programmable Rate Generator 
Event Counter 
Binary Rate Multiplier 
Real Time Clock 
Digital One-Shot 
Complex Motor Controller 


Data Bus Buffer 


This 3-state, bi-directional, 8-bit buffer is used to interface 
the 8253 to the system data bus. Data is transmitted or 
received by the buffer upon execution of INput or OUTput 
CPU instructions. The Data Bus Buffer has three basic 
functions. 


1. Programming the MODES of the 8253. 
2. Loading the count registers. 
3. Reading the count values. 


Read/Write Logic 


The Read/Write Logic accepts inputs from the system bus 
and in turn generates. control signals for overall device 
operation. It is enabled or disabled by CS so that no 
operation can occur to change the function unless the 
device has been selected by the system logic. 


RD (Read) 

A “low” on this input informs the 8253 that the CPU is 
inputting data in the form of a counters value. 

WR (Write) 


A “low” on this input informs the 8253 that the CPU is 
outputting data inthe form of mode information or loading 
counters. 
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AO, A1 


These inputs are normally connected to the address bus. 
Their function is to select one of the three counters to be 
operated on and to address the control word register for 
mode selection. 


CS (Chip Select) 


A “low” on this input enables the 8253. No reading or 
writing will occur unless the device is selected. The CS 
input has no effect upon the actual operation of the 


counters. 


COUNTER 


CT] coun 
COUNTER 

#1 
INTERNAL BUS # 


Figure 3. Block Diagram Showing Data Bus Buffer and 
Read/Write Logic Functions 


CONTROL 


WORD COUNTER 


#2 


REGISTER 


oad Counter No. 0 
oad Counter No. 1 


a 


oad Counter No. 2 
rite Mode Word 
ead Counter No. 0 
ead Counter No. 1 
ead Counter No. 2 
No-Operation 3-State 
Disable 3-State 
No-Operation 3-State 


= 


x< 
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Control Word Register 


The Control Word Register is selected when AO, A1 are 11. 
It then accepts information from the data bus buffer and 
stores it in a register. The information stored in this 
register controls the operational MODE of each counter, 
selection of binary or BCD counting and the loading of 
each count register. 


The Control Word Register can only be written into; no 
read operation of its contents is available. 


Counter #0, Counter #1, Counter #2 


These three functional blocks are identical in operation so 
only a single Counter will be described. Each Counter 
consists of a single, 16-bit, pre-settable, DOWN counter. 
The counter can operate in either binary or BCD and its 
input, gate and output are configured by the selection of 
MODES stored in the Control Word Register. 


The counters are fully independent and each can have 
separate Mode configuration and counting operation, 
binary or BCD. Also, there are special features in the 
control word that handle the loading of the count value so 
that software overhead can be minimized for these 
functions. 


The reading of the contents of each counter is available to 
the programmer with simple READ operations for event 
counting applications and special commands and logic 
are included in the 8253 so that the contents of each 
counter can be read “on the fly” without having to inhibit 
the clock input. 


8253 SYSTEM INTERFACE 


The 8253 is a component of the Intel™ Microcomputer 
Systems and interfaces in the same manner as alli other 
peripherals of the family. It is treated by the systems 
software as an array of peripheral |!/O ports; three are 
counters and the fourth is a control register for MODE 
programming. 

Basically, the select inputs AO, A1 connect to the AO, A1 
address bus signals of the CPU. The CS can be derived 
directly from the address bus using alinear select method. 
Or it can be connected to the output of a decoder, suchas 
an Intel® 8205 for larger systems. 
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Figure 4. Block Diagram Showing Control Word 


Register and Counter Functions 


ADDRESS BUS (16) 


CONTROL BUS 


DATA BUS (8) 


8253 


COUNTER COUNTER 
0 1 


OUT GATE CLK OUT GATE CLK OUT GATE CLK 


COUNTER 
2 


Figure 5. 8253 System Interface 
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OPERATIONAL DESCRIPTION 


General 


The complete functional definition of the 8253 is 
programmed by the systems software. A set of control 
words must be sent out by the CPU to initialize each 
counter of the 8253 with the desired MODE and quantity 
information. Prior to initialization, the MODE, count, and 
output of all counters is undefined. These control words 
program the MODE, Loading sequence and selection of 
binary or BCD counting. 


Once programmed, the 8253 is ready to perform whatever 
timing tasks it is assigned to accomplish. 


The actual counting operation of each counter is 
completely independent and additional logic is provided 
On-chip so that the usual problems associated with 
efficient monitoring and management of external, 
asynchronous events or rates to the microcomputer 
system have been eliminated. 


Programming the 8253 


All of the MODES for each counter are programmed by the 
systems software by simple I/O operations. 


Each counter of the 8253 is individually programmed by 
writing a control word into the Control Word Register. 
(AO, A1 = 11) 


Control Word Format 


D7 Dg Ds Da D3 D> Dy D 


0 
[ser [sco [rir [Au [wa] wi | wo | 000 | 


Definition of Control 
SC — Select Counter: 


SC1 Sco 
[a] oS | Setect Cour 
a a aes 


Counter Latching operation (see 
READ/WRITE Procedure Section) 


Read/Load most significant byte only. 


Read/Load least significant byte only. 


Read/Load least significant byte first, 
then most significant byte. 
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M — MODE: 


Binary Counter 16-bits 


Binary Coded Decimal (BCD) Counter 
(4 Decades) 


Counter Loading 


The count register is not loaded until the count value is 
written (one or two bytes, depending on the mode 
selected by the RL bits), followed by a rising edge anda 
falling edge of the clock. Any read of the counter prior to 
that falling clock edge may yield invalid data. 


MODE Definition 


MODE 0: Interrupt on Terminal Count. The output will 
be initially low after the mode set operation. After the 
count is loaded into the selected count register, the out- 
put will remain low and the counter will count. When ter- 
minal count is reached the output will go high and re- 
main high until the selected count register is reloaded 
with the mode or a new count is loaded. The counter 
continues to decrement after terminal count has been 
reached. 


Rewriting a counter register during counting results in 
the following: 


(1) Write 1st byte stops the current counting. 
(2) Write 2nd byte starts the new count. 


MODE 1: Programmable One-Shot. The output will go 
low on the count following the rising edge of the gate in- 
put. 


The output will go high on the terminal count. If a new 
count value is loaded while the output is low it will not 
affect the duration of the one-shot pulse until the suc- 
ceeding trigger. The current count can be read at any 
time without affecting the one-shot pulse. 


The one-shot is retriggerable, hence the output will re- 
main low for the full count after any rising edge of the 
gate input. 
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MODE 2: Rate Generator. Divide by N counter. The out- 
put will be low for one period of the input clock. The 
period from one output pulse to the next equals the 
number of input counts in the count register. If the 
count register is reloaded between output pulses the 


present period will not be affected, but the subsequent 
period will reflect the new value. 


The gate input, when low, will force the output high. 
When the gate input goes high, the counter will start 
from the initial count. Thus, the gate input can be used 
to synchronize the counter. 


When this mode is set, the output will remain high until 
after the count register is loaded. The output then can 
also be synchronized by software. 


MODE 3: Square Wave Rate Generator.Similar to MODE 
2 except that the output will remain high until one half 
the count has been completed (for even numbers) and 
go low for the other half of the count. This is accom- 
plished by decrementing the counter by two on the fall- 
ing edge of each clock pulse. When the counter reaches 
terminal count, the state of the output is changed and 
the counter is reloaded with the full count and the whole 
process is repeated. 


If the count is odd and the output is high, the first clock 
pulse (after the count is loaded) decrements the count 
by 1. Subsequent clock pulses decrement the clock by 
2. After timeout, the output goes low and the full count 
is reloaded. The first clock pulse (following the reload) 
decrements the counter by 3. Subsequent clock pulses 
decrement the count by 2 until timeout. Then the whole 
process is repeated. In this way, if the count is odd, the 
output will be high for (N+ 1)/2 counts and low for 
(N — 1)/2 counts. 


MODE 4: Software Triggered Strobe. After the mode is 
set, the output will be high. When the count is loaded, 
the counter will begin counting. On terminal count, the 
Output will go low for one input clock period, then will 
go high again. 
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If the count register is reloaded between output pulses, . 
counting will continue from the new value. The count 
will be inhibited while the gate input is low. Reloading 
the counter register will restart counting beginning with 
the new number. 


MODE 5: Hardware Triggered Strobe. The counter will 
start counting after the rising edge of the trigger input 
and will go low for one clock period when the terminal 
count is reached. The counter is retriggerable. The out- 
put will not go low until the full count after the rising 
edge of any trigger. 


Signal Low 
Low 


Enables 
counting 


1 1) Initiates 
counting 
2) Resets output 
after next clock 
Enables 
counting counting 


Initiates 
counting 


Figure 6. Gate Pin Operations Summary 


” sian 1) Reloads Enables 
g counter , 
2) Sets output 2) Initiates counting 
immediately 


high counting 


1) Disables 


counting Initiates Enables 
2) Sets output counting counting 
immediately 


high 


Disables 
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MODE 0: Interrupt on Terminal Count MODE 3: Square Wave Generator 


cock SOLU LLL LLL. 


| | 
WR l | 1 1 
' I 
4 3 2 1 90 
OUTPUT (INTERRUPT) Jo OOOO 
(n= 4) aT 
I 
| 
GATE | 
5 4 x oe ey 
OUTPUT (INTERRUPT) l u | j 


(m = 5) Snead CL Sy aS 
A B 
A+B=m 


MODE 1: Programmable One-Shot MODE 4: Software Triggered Strobe 


coe UPL LULL rn evoek CLL. 
WR n l j WR n=4 


TRIGGER 


(n= 4) 


LOAD n 


4, 3) 24" 3-2 F 


0 GATE 


OUTPUT 


MODE 2: Rate Generator MODE 5: Hardware Triggered Strobe 


clock PLP LLL LLL ne ecock LOLOL PLL nn.. 
n:4 n 3 


WR n boas Tig GATE rT 
4 3--2-+4--0(4)-3 -2:4 08) 2 1 
OUTPUT (n= 4) 


3° 2 = 1 03) 1 0(3) 2.1 
OUTPUT (n = 3) ~ e 


RESET ocr] PE eles eaten 


GATE 


OUTPUT (n = 4) 


Figure 7. 8253 Timing Diagrams 
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8253 READ/WRITE PROCEDURE 


Write Operations 


The systems software must program each counter of the 
8253 with the mode and quantity desired. The program- 
mer must write out to the 8253 a MODE control word and 
the programmed number of count register bytes (1 or 2) 
prior to actually using the selected counter. 


The actual order of the programming is quite flexible. 
Writing out of the MODE control word can be in any 
sequence of counter selection, e.g., counter #0 does not 
have to be first or counter #2 last. Each counter’s MODE 
control word register has a separate address so that its 
loading is completely sequence independent. (SCO, SC1) 


The loading of the Count Register with the actual count 
value, however, must be done in exactly the sequence 
programmed in the MODE control word (RLO, RL1). This 
loading of the counter’s count register is still sequence 
independent like the MODE control word loading, but 
when a selected count register is to be loaded it must be 
loaded with the number of bytes programmed in the 
MODE control word (RLO, RL1). The one or two bytes to 
be loaded in the count register do not have to follow the 
associated MODE control word: They can be programmed 
at any time following the MODE control word loading as 
long as the correct number of bytes is loaded in order. 


All counters are down counters. Thus, the value loaded 
into the count register will actually be decremented. 
Loading all zeroes into a count register will result in the 
maximum count (2"¢ for Binary or 10* for BCD). In MODE 0 
the new count will not restart until the load has been 
completed. It will accept one of two bytes depending on 
how the MODE control words (RLO, RL1) are program- 
med. Then proceed with the restart operation. 
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MODE Control Word 
Counter n 
Count Register byte 
Counter n 


Count Register byte 
MSB 
Counter n 


Note: Format shown is a simple example of loading the 8253 and 
does not imply that it is the only format that can be used. 


Figure 8. Programming Format 


MODE Control Word 
Counter 0 
MODE Control Word 
Counter 1 
MODE Control Word 
Counter 2 
Count Register Byte 
ma Counter 1 po] 
Count Register Byte 
MSB Counter 1 


Count Register Byte 

Ba Counter 2 fifo 
Count Register Byte 

ae Counter 2 ft fo 
Count Register Byte 

ve Counter 0 po} o 


Count Register Byte 


aan Counter 0 


Note: The exclusive addresses of each counter’s count register make 
the task of programming the 8253 a very simple matter, and 
maximum effective use of the device will result if this feature 
is fully utilized. 


Figure 9. Alternate Programming Formats 
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Read Operations 


In most counter applications it becomes necessary to read 
the value of the count in progress and make a 
computational decision based on this quantity. Event 
counters are probably the most common application that 
uses this function. The 8253 contains logic that will allow 
the programmer to easily read the contents of any of the 
three counters without disturbing the actual count in 
progress. 


There are two methods that the programmer can use to 
read the value of the counters. The first method involves 
the use of simple I/O read operations of the selected 
counter. By controlling the AO, A1 inputs to the 8253 the 
programmer can select the counter to be read (remember 
that no read operation of the mode register is allowed AO, 
A1-11). The only requirement with this method is that in 
order to assure a stable count reading the actual operation 
of the selected counter must be inhibited either by 
controlling the Gate input or by external logic that inhibits 
the clock input. The contents of the counter selected will 
be available as follows: 


first |/O Read contains the least significant byte (LSB). 


second !/O Read contains the most significant byte 
(MSB). 


Due to the internal logic of the 8253 it is absolutely 
necessary to complete the entire reading procedure. If two 
bytes are programmed to be read then two bytes must be 
read before any loading WR command can be sent to the 
same counter. 
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Read Operation Chart 


Read Counter No. 0 
Read Counter No. 1 


Read Counter No. 2 


Reading While Counting 


In order for the programmer to read the contents of any 
counter without effecting or disturbing the counting 
operation the 8253 has special internal logic that can be 
accessed using simple WR commands to the MODE 
register. Basically, wnen the programmer wishes to read 
the contents of a selected counter “onthe fly” he loads the 
MODE register with a special code which latches the 
present count value into a storage register so that its 
contents contain an accurate, stable quantity. The 
programmer then issues a normal read command to the 
selected counter and the contents of the latched register is 
available. 


MODE Register for Latching Count 


AO, Ai = 11 


SC1,SC0— specify counter to be latched. 
D5,D4 
X 

The same limitation applies to this mode of reading the 
counter as the previous method. That is, it is mandatory 


to complete the entire read operation as programmed. 
This command has no effect on the counter’s mode. 


— 00 designates counter latching operation. 
— don't care. 


* 1.5MHz 


“If an 8085 clock output is to drive an 8253-5 clock input, it must be reduced to 2 MHz or less. 


Figure 10. MCS-85™ Clock Interface* 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias ........ 0°Cto 70°C 
Storage Temperature .............. —65°C to +150° C 
Voltage On Any Pin 

With RespecttoGround .............. -O.5Vtot+7¥ 
POWEP DISSIDALION «wp ke che aces aera caus 1 Watt 


D.C. CHARACTERISTICS 


| Symbol | Parameter 


Input Load Current 


| tec | Voc Supply Current 


CAPACITANCE (Tg = 25°C, Vcc = GND = OV) 


A.C. CHARACTERISTICS 


Bus Parameters (Note 3) 


READ CYCLE 


Address Stable Before READ 


READ Pulse Width 


Data Delay From READ/4] 
READ to Data Floating 


Recovery Time Between READ 
and Any Other Control Signal 


win. [Mex 
[vn | trout tow Votags Sida | 
[Vin input High Voroge | Ne 
[Vor | Ouwurtowvoruge fs 
[Vow | Output igh Votage Sa | 
_ 

Toe | odin Feet tage 


[Symbot [Paneer «| Mim | tym | Max. | Uni 
[eve | v0 canacitanoe | ‘| it | oF 


Parameter 


*NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect 
device reliability. 


(Ta = 0°C to 70°C, Veg = 5V +10%) 


rsd fattaebcaeeoyanuannen’ 

ee 
Vin = Vec to OV 

+10 

| 40 | m | isd 


Unmeasured pins returned to Vss 


(Ta = 0°C to 70°C, Vee = 5.0V +5%, GND = OV) 


ce 

ae 

ao 

bdo 
300 


insane 
=f 
-s | 
| 300 | 
| 0 
wer 
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A.C. CHARACTERISTICS (Continued) 


WRITE CYCLE 


taw Address Stable Before WRITE 


Address Hold Time for WRITE 
WRITE Pulse Width 


‘Recovery Time Between WRITE 
and Any Other Control Signal 


CLOCK AND GATE TIMING 


peng pada 


tp] Low Pulse Width 


Gate Width High 


tPWH 

tPwL a - 

tow | 180 
| toe | Gate Width Low | 10 
Ptes | Gm Setup Tine 9 CURT | 100 
Gate Hold Time After CLKt ae 
[00 | Outpu oray From ctxt 


NOTES: 

1. lot = 2.2 mA. 

2. lon = —400 pA. 

3. AC timings measured at Voy 2.2, Vo. = 0.8. 
4. C, = 150pF. 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


i 2.0 DEVICE 
UNDER 
TEST POINTS TEST 
; 0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC “1° AND 0.45V FOR 
A LOGIC 0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC °1" 


AND 0.8V FOR A LOGIC 0 C, INCLUDES JIG CAPACITANCE 
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WAVEFORMS 


WRITE TIMING : READ TIMING 


aD Se 


a ay twa 


DATA Bus HIGH impepance 7 VALID [HIGH IMPEDANCE 


CLOCK AND GATE TIMING 
towH towe |< teik tes 
CLK 
= TH 
on J 
tew 
‘cH So a top 
— tooG 
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8254 
Programmable Interval Timer 


= Compatible with Most Micro- = Three Independent 16-bit Counters 
processors Including 8080A, 8085A, 
iAPX 88 and iAPX 86 
a Binary or BCD Counting 
= Handles Inputs from DC to 5 MHz 
(10 MHz for 8254-2) 
= Single +5V Supply 
= Six Programmable Counter Modes 


= Status Read-Back Command = Uses HMOS Technology 


The Intel® 8254 is a counter/timer device designed to solve the common timing control problems in microcomputer 
system design. It provides three independent 16-bit counters, each capable of handling clock inputs up to 10 MHz. All 
modes are software programmable. 


The 8254 uses HMOS technology and comes in a 24-pin plastic or CERDIP package. 


CLK 0 


— COUNTER 


BUS GATE 0 
BUFFER 


GATE 1 


INTERNAL BUS 


CONTROL 
WORD 
REGISTER 


Figure 1. 8254 Block Diagram Figure 2. Pin Configuration 
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Table 1. Pin Description 
sys | Ph 
Voc | 24 _| 
a 


Ris 20-19 


Voc 

Ao 
CLK 2 
OUT 2 
GATE 2 
CLK 1 
GATE 1 
OUT 1 


Name and Function 
Power: +5V power supply connection. 


Write Control: This input is low during CPU 
write operations. 
Read Control: This input is low during CPU 
read operations. 


Chip Select: A low on this input enables the 
8254 to respond to RD and WR signals. RD 
and WR are ignored otherwise. 


Data: Bi-directional three state data bus 
lines, connected to system data bus. 


= 


Clock 0: Clock input of Counter 0. 


Output 0: Output of Counter 0. 
Gate 0: Gate input of Counter 0. 


Ground: Power supply connection. 


Address: Used to select one of the three 
Counters or the Control Word Register for 
read or write operations. Normally con- 
nected to the system address bus. 


Selects 


Counter 0 
Counter 1 
Counter 2 
Control Word Register 


Clock 2: Clock input of Counter 2. 


Gate 1: Gate input of Counter 1. 


Out 1: Output of Counter 1. 


23 

21 
| 8 | 
68 
Lea 


_ 
Lele 
pt 
pt 
cS 


FUNCTIONAL DESCRIPTION Block Diagram 
DATA BUS BUFFER 
General This 3-state, bi-directional, 8-bit buffer is used to inter- 


face the 8254 to the system bus (see Figure 3). 


The 8254 is a programmable interval timer/counter de- 
signed for use with Intel microcomputer systems. It is a 
general purpose, multi-timing element that can be treated 
as an array of I/O ports in the system software. 


if 


a) COUNTER 
0 


The 8254 solves one of the most common problems in 
any microcomputer system, the generation of accurate 
time delays under software control. Instead of setting 
up timing loops in software, the programmer configures 
the 8254 to match his requirements and programs one of 
the counters for the desired delay. After the desired 
delay, the 8254 will interrupt the CPU. Software over- 
head is minimal and variable length delays can easily be 
accommodated. 


COUNTER 
1 


” 
= 
a 
a 
< 
z 
x 
WwW 
= 
= 


Some of the other counter/timer functions common to 
microcomputers which can be implemented with the 


8254 are: an = COUNTER 
REGISTER 2 
Real time clock 
Event counter 
Digital one-shot 


e 

e 

e 

e Programmable rate generator 

e Square wave generator 

e Binary rate multiplier 

¢ Complex waveform generator Figure 3. Block Diagram Showing Data Bus Buffer and 
¢ Complex motor controller Read/Write Logic Functions 
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READ/WRITE LOGIC 


The Read/Write Logic accepts inputs from the system 
bus and generates control signals for the other func- 
tional blocks of the 8254. A; and Ag select one of the 
three counters or the Control Word Register to be read 
from/written into. A “low” on the RD input tells the 8254 
that the CPU is reading one of the counters. A “‘low”’ on 
the WR input tells the 8254 that the CPU is writing either 
a Control Word or an initial count. Both RD and WR are 
qualified by CS; RD and WR are ignored unless the 8254 
has been selected by holding CS low. 


CONTROL WORD REGISTER 


The Control Word Register (see Figure 4) is selected by 
the Read/Write Logic when A;,Ag= 11. If the CPU then 
does a write operation to the 8254, the data is stored in 
the Control Word Register and is interpreted as a Con- 
trol Word used to define the operation of the Counters. 


The Control Word Register can only be written to; status 
information is available with the Read-Back Command. 


DATA 
BUS 
BUFFER 


() 
= 
: 


Figure 4. Block Diagram Showing Control Word 
Register and Counter Functions 


COUNTER 0, COUNTER 1, COUNTER 2 


These three functional blocks are identical in operation, 
So only a single Counter will be described. The internal 
block diagram of a single counter is shown in Figure 5. 


The Counters are fully independent. Each Counter may 
operate in a different Mode. 


The Control Word Register is shown in the figure; it is 
not part of the Counter itself, but its contents determine 
how the Counter operates. 


8254 


PRELIMINARY 


INTERNAL BUS 


CONTROL STATUS 
WORD LATCH 
REGISTER 
STATUS 
REGISTER 
| 


controL|]_. | |_| 


CLKn OUT n 


Figure 5. Internal Block Diagram of a Counter 


The status register, shown in the Figure, when latched, 
contains the current contents of the Control Word 
Register and status of the output and null count flag. 
(See detailed explanation of the Read-Back command.) 


The actual counter is labelled CE (for ‘Counting Ele- 
ment’). It is a 16-bit presettable synchronous down 
counter. 


OLy and OL, are two 8-bit latches. OL stands for ‘“‘Out- 
put Latch’’; the subscripts M and L stand for “Most sig- 
nificant byte” and ‘“‘Least significant byte” respectively. 
Both are normally referred to as one unit and called just 
OL. These latches normally “follow” the CE, but if a 
Suitable Counter Latch Command is sent to the 8254, 
the latches “latch” the present count until read by the 
CPU and then return to ‘“‘following” the CE. One latch at 
a time is enabled by the counter’s Control Logic to drive 
the internal bus. This is how the 16-bit Counter com- 
municates over the 8-bit internal bus. Note that the CE 
itself cannot be read; whenever you read the count, it is 
the OL that is being read. 


Similarly, there are two 8-bit registers called CRy and 
CR, (for “Count Register’). Both are normally referred to 
as one unit and called just CR. When a new count is writ- 
ten to the Counter, the count is stored in the CR and 
later transferred to the CE. The Control Logic allows one 
register at a time to be loaded from the internal bus. 
Both bytes are transferred to the CE simultaneously. 
CRwy and CR, are cleared when the Counter is pro- 
grammed. In this way, if the Counter has been pro- 
grammed for one byte counts (either most significant 
byte only or least significant byte only) the other byte 
will be zero. Note that the CE cannot be written into; 
whenever a count is written, it is written into the CR. 


The Control Logic is also shown in the diagram. CLK n, 
GATE n, and OUT n are all connected to the outside 
world through the Control Logic. 
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8254 SYSTEM INTERFACE 


The 8254 is a component of the Intel Microcomputer Sys- 
tems and interfaces in the same manner as all other pe- 
ripherals of the family. It is treated by the systems software 
as an array of peripheral I/O ports; three are counters and 
the fourth is a control register for MODE programming. 


Basically, the select inputs Ag, Ay connect to the Ao, Ay 
address bus signals of the CPU. The CS can be derived 
directly from the address bus using a linear select method. 
Or it can be connected to the output of a decoder, such as 
an Intel 8205 for larger systems. 


ADDRESS BUS (16) 


CONTROL BUS 


Tl 


DATA BUS (8) 


He ee 


Ai Ao CS Do-D7 RB WR 
8254 


COUNTER COUNTER COUNTER 
0 1 


2 
OUT GATE CLK OUT GATECLK OUT GATE CLK 


Figure 6. 8254 System Interface 


Dy .. Dg Ds Dg 


D; 
_sc1 | sco | Rw1] Rwo | M2 | mt | Mo | BCD 


SC — Select Counter: 
SC1 Sco 


1 1 Read-Back Command 
(See Read Operations) 
RW — Read/Write: 


Counter Latch Command (see Read 
Operations) 


Read/Write least significant byte only. 
Read/Write most significant byte only. 


Read/Write least significant byte first, 
then most significant byte. 


NOTE: DON’T CARE BITS (X) SHOULD BE 0 TO INSURE 
COMPATIBILITY WITH FUTURE INTEL PRODUCTS. 


Ds D2 


OPERATIONAL DESCRIPTION 


General 


After power-up, the state of the 8254 is undefined. The 
Mode, count value, and output of all Counters are 
undefined. 


How each Counter operates is determined when it is 
programmed. Each Counter must be programmed 
before it can be used. Unused counters need not be pro- 
grammed. 


Programming the 8254 


Counters are programmed by writing a Control Word 
and then an initial count. 


All Control Words are written into the Control Word 
Register, which is selected when A;,Ag=11. The Con- 
trol Word itself specifies which Counter is being pro- 
grammed. 


By contrast, initial counts are written into the Counters, 
not the Control Word Register. The A;,Ao inputs are 
used to select the Counter to be written into. The format 
of the initial count is determined by the Control Word 
used. 


Control Word Format 
Ay,Ag=11 CS=0 RD=1 WR=0 


Do 


<s 

be dune 
2am 
hie sae 


ounter 16-bits 


Binary C 


1 Binary Coded Decimal (BCD) Counter 
(4 Decades) 


Figure 7. Control Word Format 
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Write Operations 


The programming procedure for the 8254 is very flexible. 
Only two conventions need to be remembered: 


1) For each Counter, the Control Word must be written 
before the initial count is written. 

2) The initial count must follow the count format 
specified in the Control Word (least significant byte 
only, most significant byte only, or least significant 
byte and then most significant byte). 


Since the Control Word Register and the three Counters 
have separate addresses (selected by the A;,Ao inputs), 
and each Control Word specifies the Counter it applies 
to (SC0,SC1 bits), no special instruction sequence is re- 


Control Word — Counter 0 
LSB of count — Counter 0 
MSB of count — Counter 0 
Control Word — Counter 1 
LSB of count — Counter 1 
MSB of count — Counter 1 
Control Word — Counter 2 
LSB of count — Counter 2 
MSB of count — Counter 2 


itn ak OO Oo Co ai 
OO 2 2 pit OO ad 


A; Ao 


Control Word — Counter 0 
Control Word — Counter 1 
Control Word — Counter 2 
LSB of count — Counter 2 
LSB of count — Counter 1 
LSB of count — Counter 0 
MSB of count — Counter 0 
MSB of count — Counter 1 
MSB of count — Counter 2 


=—=OOd0od$dcod = —- i =i 
So-2= OC O = J —J 


quired. Any programming sequence that follows the 
conventions above is acceptable. 


A new initial count may be written to a Counter at any 
time without affecting the Counter’s programmed Mode 
in any way. Counting will be affected as described in the 
Mode definitions. The new count must follow the pro- 
grammed count format. 


lf a Counter is programmed to read/write two-byte 
counts, the following precaution applies: A program 
must not transfer control between writing the first and 
second byte to another routine which also writes into 
that same Counter. Otherwise, the Counter will be 
loaded with an incorrect count. 


Control Word — Counter 2 
Control Word — Counter 1 
Control Word — Counter 0 
LSB of count — Counter 2 
MSB of count — Counter 2 
LSB of count — Counter 1 
MSB of count — Counter 1 
LSB of count — Counter 0 
MSB of count — Counter 0 


O'O © © us ai “as ot. ok 
© CO = 2a © © = «tb otk 


> 
> 
6 


Control Word — Counter 1 
Control Word — Counter 0 
LSB of count — Counter 1 
Control Word — Counter 2 
LSB of count — Counter 0 
MSB of count — Counter 1 
LSB of count — Counter 2 
MSB of count — Counter 0 
MSB of count — Counter 2 


=O 00-0 — — 
OO © «<< © ab ob uk ca 


NOTE: IN ALL FOUR EXAMPLES, ALL COUNTERS ARE PROGRAMMED TO READ/WRITE TWO-BYTE COUNTS. 


THESE ARE ONLY FOUR OF MANY POSSIBLE PROGRAMMING SEQUENCES. 


Figure 8. A Few Possible Programming Sequences 


Read Operations 


It is often desirable to read the value of a Counter 
without disturbing the count in progress. This is easily 
done in the 8254. 


There are three possible methods for reading the 
Counters. The first is through the Read-Back command, 


which is explained later. The second is a simple read 
operation of the Counter, which is selected with the 
A;,Ao inputs. The only requirement is that the CLK input 
of the selected Counter must be inhibited by using 
either the GATE input or external logic. Otherwise, the 
count may be in process of changing when it is read, giv- 
ing an undefined result. 
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COUNTER LATCH COMMAND 


The other method involves a special software command 
called the ‘Counter Latch Command”. Like a Control 
Word, this command is written to the Control Word 
Register, which is selected when A, Aj= 11. Also like a 
Control Word, the SC0,SC1 bits select one of the three 
Counters, but two other bits, D5 and D4, distinguish this 
command from a Control Word. 


A;,Ao=11; CS=0; RD=1; WR=0 


D7 Dg D- D4 D3 Do D; Do 
scr] sco [0 | 
$C1,SCO — specify counter to be latched 


SC1 sco Counter 


Read-Back Command 


D5,D4 — 00 designates Counter Latch Command 
X — don’t care 


NOTE: DON’T CARE BITS (X) SHOULD BE 0 TO INSURE 
COMPATIBILITY WITH FUTURE INTEL PRODUCTS. 


Figure 9. Counter Latching Command Format 


The selected Counter’s output latch (OL) latches the 
count at the time the Counter Latch Command is re- 
ceived. This count is held in the latch until it is read by 
the CPU (or until the Counter is reprogrammed). The 
count is then unlatched automatically and the OL 
returns to “following” the counting element (CE). This 
allows reading the contents of the Counters ‘‘on the fly” 
without affecting counting in progress. Multiple 
Counter Latch Commands may be used to latch more 
than one Counter. Each latched Counter’s OL holds its 
count until it is read. Counter Latch Commands do not 
affect the programmed Mode of the Counter in any way. 


lf a Counter is latched and then, some time later, latch- 
ed again before the count is read, the second Counter 
Latch Command is ignored. The count read will be the 
count at the time the first Counter Latch Command was 
issued. 


With either method, the count must be read according 
to the programmed format; specifically, if the Counter is 
programmed for two byte counts, two bytes must be 
read. The two bytes do not have to be read one right 
after the other; read or write or programming operations 
of other Counters may be inserted between them. 
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Another feature of the 8254 is that reads and writes of 
the same Counter may be interleaved; for example, if the 
Counter is programmed for two byte counts, the follow- 
ing sequence is valid. 


1. Read least significant byte. 
2. Write new least significant byte. 
3. Read most significant byte. 
4. Write new most significant byte. 


If a Counter is programmed to read/write two-byte 
counts, the following precaution applies: A program 
must not transfer control between reading the first and 
second byte to another routine which also reads from 
that same Counter. Otherwise, an incorrect count will be 
read. 


READ-BACK COMMAND 


The read-back command allows the user to check the 
count value, programmed Mode, and current state of the 
OUT pin and Null Count flag of the selected counter(s). 


The command is written into the Control Word Register 
and has the format shown in Figure 10. The command 
applies to the counters selected by setting their corre- 
sponding bits D3,D2,D1=1. 


AO, A1=11 CS=0 RD=1 WR=0 


D7 


De Ds D, D3 D2 D; Do 


: 0 = LATCH COUNT OF SELECTED COUNTER(S) 

: 0 = LATCH STATUS OF SELECTED COUNTER(S) 

: 1 = SELECT COUNTER 2 

: 1 = SELECT COUNTER 1 

: 1 = SELECT COUNTER 0 

: RESERVED FOR FUTURE EXPANSION; MUST BE 0 


Figure 10. Read-Back Command Format 


The read-back command may be used to latch multiple 
counter output latches (OL) by setting the COUNT bit 
D5=0 and selecting the desired counter(s). This single 
command is functionally equivalent to several counter 
latch commands, one for each counter latched. Each 
counter’s latched count is held until it is read (or the 
counter is reprogrammed). That counter is automatically 
unlatched when read, but other counters remain latched 
until they are read. If multiple count read-back commands 
are issued to the same counter without reading the count, 
all but the first are ignored; i.e., the count which will be 
read is the count at the time the first read-back command 
was issued. 


The read-back command may also be used to latch 
status information of selected counter(s) by setting 
STATUS bit D4=0. Status must be latched to be read; 
status of a counter is accessed by a read from that 
counter. 
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The counter status format is shown in Figure 11. Bits D5 
through DO contain the counter’s programmed Mode ex- 
actly as written in the last Mode Control Word. OUTPUT 
bit D7 contains the current state of the OUT pin. This 
allows the user to monitor the counter’s output via soft- 
ware, possibly eliminating some hardware from a 
system. 


D7 Dg Ds Da D3 D2 D, Do 
NULL 


D7 1 = OUT PIN IS 1 
0 = OUT PIN IS 0 
Dg 1 = NULL COUNT 
= COUNT AVAILABLE FOR READIN 
Ds- D, COUNTER PROGRAMMED MODE (SEE FIGURE 7) 


Figure 11. Status Byte 


NULL COUNT bit D6 indicates when the last count writ- 
ten to the counter register (CR) has been loaded into the 
counting element (CE). The exact time this happens de- 
pends on the Mode of the counter and is described in 
the Mode Definitions, but until the count is loaded into 
the counting element (CE), it can’t be read from the 
counter. If the count is latched or read before this time, 
the count value will not reflect the new count just writ- 
ten. The operation of Null Count is shown in Figure 12. 


oe 


Description 


THIS ACTION: CAUSES: 


A. WRITE TO THE CONTROL WORD REGISTER: NULL COUNT=1 
B. WRITE TO THE COUNT REGISTER (CR);\7) = NULL COUNT=1 
C. NEW COUNT IS LOADED INTO CE (CR—>CE); 


NULL COUNT=0 


(1) ONLY THE COUNTER SPECIFIED BY THE CONTROL WORD WILL HAVE 
ITS NULL COUNT SET TO 1. NULL COUNT BITS OF OTHER COUNTERS 
ARE UNAFFECTED. 


(2) i& THE COUNTER IS PROGRAMMED FOR TWO-BYTE COUNTS (LEAST 
SIGNIFICANT BYTE THEN MOST SIGNIFICANT BYTE) NULL COUNT 
GOES TO 1 WHEN THE SECOND BYTE IS WRITTEN. 


Figure 12. Null Count Operation 


If multiple status latch operations of the counter(s) are 
performed without reading the status, all but the first 
are ignored; i.e., the status that will be read is the status 
of the counter at the time the first status read-back com- 
mand was issued. 


Both count and status of the selected counter(s) may be 
latched simultaneously by setting both COUNT and 
STATUS bits D5,D4=0. This is functionally the same as 
issuing two separate read-back commands at once, and 
the above discussions apply here also. Specifically, if mul- 
tiple count and/or status read-back commands are issued 
to the same counter(s) without any intervening reads, all 
but the first are ignored. This is illustrated in Figure 13. 


Result 


Ds Dy Dz Dg Dy Do 
Read back count and status of Count and status latched 
Counter 0 for Counter 0 


rata peters ee em 


Eh boli 14 Wf 6 6. dk count ch Coane 24 


Read back count and status of 
Counter 1 
BEAGLE Read back status of Counter 1 


ryt yofo Read back status of Counters 2, 1 


Read back count of Counter 2 


Status latched for Counter 
2, but not Counter 1 


Count latched for Counter 2 


Count latched for Counter 1, 
but not status 


Command ignored, status 
already latched for Counter 1 


Figure 13. Read-Back Command Example 
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If both count and status of a counter are latched, the 
first read operation of that counter will return latched 
status, regardless of which was latched first. The next 
one or two reads (depending on whether the counter is 
programmed for one or two type counts) return latched 
count. Subsequent reads return unlatched count. 


Write Control Word 
Read from Counter 0 


o 
Lae 
0. | Write into Counter 2_ 
ted 
ory 
|.1._| Read from Counter 1 


el-llelelele|ele[> [a 
blll ee la 
AEE 1s 
*[*iyale [eisai] | 


No-Operation (3-State) 


Figure 14. Read/Write Operations Summary 


Mode Definitions 


The following are defined for use in describing the 
operation of the 8254. 


CLK pulse: a rising edge, then a falling edge, in that 
order, of a Counter’s CLK input. 


trigger: a rising edge of a Counter’s GATE input. 


Counter loading: the transfer of a count from the CR 
to the CE (refer to the “Functional 
Description’) 


MODE 0: INTERRUPT ON TERMINAL COUNT 


Mode 0 is typically used for event counting. After the 
Control Word is written, OUT is initially low, and will re- 
main low until the Counter reaches zero. OUT then goes 
high and remains high until a new count or a new Mode 
0 Control Word is written into the Counter. 


GATE=1 enables counting; GATE=0 disables count- 
ing. GATE has no effect on OUT. 


After the Control Word and initial count are written toa 
Counter, the initial count will be loaded on the next CLK 
pulse. This CLK pulse does not decrement the count, so 
for an initial count of N, OUT does not go high until N + 1 
CLK pulses after the initial count is written. 


lf anew count is written to the Counter, it will be loaded 
on the next CLK pulse and counting will continue from 
the new count. If a two-byte count is written, the follow- 
ing happens: 
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1) Writing the first byte disables counting. OUT is set 
low immediately (no clock pulse required) 

2) Writing the second byte allows the new count to be 
loaded on the next CLK pulse. 


This allows the counting sequence to be synchronized 
by software. Again, OUT does not go high until N+1 
CLK pulses after the new count of N is written. 


If an initial count is written while GATE = 0, it will still be 
loaded on the next CLK pulse. When GATE goes high, 
OUT will go high N CLK pulses later; no CLK pulse is 
needed to load the Counter as this has already been 
done. 


CW=10 LSB=4 


Oo; 0] 0] 0]; O | FFI FF 
Pei me pe Pe aL SE Seeded Bll 


CW=10 LSB=3 


OUT | 


0}; 0; 0 0 0 0 | FF 
Infototw (eee lel e ele 


CW=10 LSB=3 LSB=2 


o}/o]of{oj]{o]|o] FF 
IyIhtm tu [oleltlotslole 


NOTE: THE FOLLOWING CONVENTIONS APPLY TO ALL MODE TIMING DIAGRAMS: 
. COUNTERS ARE PROGRAMMED FOR BINARY (NOT BCD) COUNTING AND FOR 
READING/WRITING LEAST SIGNIFICANT BYTE (LSB) ONLY. é 
. THE COUNTER IS ALWAYS SELECTED (CS ALWAYS LOW). 
. CW STANDS FOR “CONTROL WORD”; CW =10 MEANS A CONTROL WORD OF 10, 
HEX IS WRITTEN TO THE COUNTER. 
. LSB STANDS FOR “LEAST SIGNIFICANT BYTE” OF COUNT. 
. NUMBERS BELOW DIAGRAMS ARE COUNT VALUES. 
THE LOWER NUMBER IS THE LEAST SIGNIFICANT BYTE. 
THE UPPER NUMBER IS THE MOST SIGNIFICANT BYTE. SINCE THE COUNTER 
iS PROGRAMMED TO READ/WRITE LSB ONLY, THE MOST SIGNIFICANT BYTE 
CANNOT BE READ. 
N STANDS FOR AN UNDEFINED COUNT. 
VERTICAL LINES SHOW TRANSITIONS BETWEEN COUNT VALUES. 


Figure 15. Mode 0 
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MODE 1: HARDWARE RETRIGGERABLE ONE-SHOT 


OUT will be initially high. OUT will go low on the CLK 
pulse following a trigger to begin the one-shot pulse, 
and will remain low until the Counter reaches zero. OUT 
will then go high and remain high until the CLK pulse 
after the next trigger. 


After writing the Control Word and initial count, the 
Counter is armed. A trigger results in loading the 
Counter and setting OUT low on the next CLK pulse, 
thus starting the one-shot pulse. An initial count of N 
will result in a one-shot pulse N CLK cycles in duration. 
The one-shot is retriggerable, hence OUT will remain 
low for N CLK pulses after any trigger. The one-shot 
pulse can be repeated without rewriting the same count 
into the counter. GATE has no effect on OUT. 


lf a new count is written to the Counter during a one- 
shot pulse, the current one-shot is not affected unless 
the Counter is retriggered. In that case, the Counter is 
loaded with the new count and the one-shot pulse con- 
tinues until the new count expires. 


CW=12 LSB=3 


CW=12 LSB =3 


CW=12 LSB=2 


0 | 0 | 0 | FF| FF] o | o 
Mie tw ty [hte ls folelrels | | 


Figure 16. Mode 1 
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MODE 2: RATE GENERATOR 


This Mode functions like a divide-by-N counter. It is 
typiclaly used to generate a Real Time Clock interrupt. 
OUT will initially be high. When the initial count has 
decremented to 1, OUT goes low for one CLK pulse. OUT 
then goes high again, the Counter reloads the initial 
count and the process is repeated. Mode 2 is periodic; 
the same sequence is repeated indefinitely. For an in- 
itial count of N, the sequence repeats every N CLK 
cycles. 


GATE=1 enables counting; GATE=0 disables count- 
ing. If GATE goes low during an output pulse, OUT is set 
high immediately. A trigger reloads the Counter with the 
initial count on the next CLK pulse; OUT goes low N 
CLK pulses after the trigger. Thus the GATE input can 
be used to synchronize the Counter. 


After writing a Control Word and initial count, the 
Counter will be loaded on the next CLK pulse. OUT goes 
low N CLK Pulses after the initial count is written. This 
allows the Counter to be synchronized by software also. 


CW=14 LSB=3 


CW=14 LSB=3 


CW=14 LSB=4 


Figure 17. Mode 2 
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Writing a new count while counting does not affect the 
current counting sequence. If a trigger is received after 
writing a new count but before the end of the current 
period, the Counter will be loaded with the new count on 
the next CLK pulse and counting will continue from the 
new count. Otherwise, the new count will be loaded at 
the end of the current counting cycle. 


MODE 3: SQUARE WAVE MODE 


Mode 3 is typically used for Baud rate generation. Mode 
3 is similar to Mode 2 except for the duty cycle of OUT. 
OUT will initially be high. When half the initial count has 
expired, OUT goes low for the remainder of the count. 
Mode 3 is periodic; the sequence above is repeated in- 
definitely. An initial count of N results in a square wave 
with a period of N CLK cycles. 


GATE=1 enables counting; GATE=0 disables coun- 
ting. If GATE goes low while OUT is low, OUT is set high 
immediately; no CLK pulse is required. A trigger reloads 
the Counter with the initial count on the next CLK pulse. 
Thus the GATE input can be used to synchronize the 
Counter. 


After writing a Control Word and initial count, the 
Counter will be loaded on the next CLK pulse. This 
allows the Counter to be syncnronized by software also. 


Writing a new count while counting does not affect the 
current counting sequence. If a trigger is received after 
writing a new count but before the end of the current 
half-cycle of the square wave, the Counter will be loaded 
with the new count on the next CLK pulse and counting 
will continue from the new count. Otherwise, the new 
count will be loaded at the end of the current half-cycle. 


Mode 3 is implemented as follows: 


Even counts: OUT is initially high. The initial count is 
loaded on one CLK pulse and then is decremented by 
two on succeeding CLK pulses. When the count expires 
OUT changes value and the Counter is reloaded with the 
initial count. The above process is repeated indefinitely. 


Odd counts: OUT is initially high. The initial count 
minus one (an even number) is loaded on one CLK pulse 
and then is decremented by two on succeeding CLK 
pulses. One CLK pulse after the count expires, OUT 
goes low and the Counter is reloaded with the initial 
count minus one. Succeeding CLK pulses decrement 
the count by two. When the count expires, OUT goes 
high again and the Counter is reloaded with the initial 
count minus one. The above process is repeated in- 
definitely. So for odd counts, OUT will be high for 
(N + 1)/2 counts and low for (N — 1)/2 counts. 


CW=16 LSB=4 


o/!;/oefeojfoj}yof};yo0fy Of OF O |} O 
LILI LE eee eee eeaaaed 


CW=16 LSB=4 


o;}oef}o0; oO; 0); 0; Of Of Of O 
Geat Ramo eeceeeeeRecscineeie. 


Figure 18. Mode 3 


MODE 4: SOFTWARE TRIGGERED STROBE 


OUT will be initially high. When the initial count expires, 
OUT will go low for one CLK pulse and then go high 
again. The counting sequence is “triggered” by writing 
the initial count. 


GATE=1 enables counting; GATE=0 disables count- 
ing. GATE has no effect on OUT. 


After writing a Control Word and initial count, the 
Counter will be loaded on the next CLK pulse. This CLK 
pulse does not decrement the count, so for an initial 
count of N, OUT does not strobe low until N+1 CLK 
pulses after the initial count is written. 


lf anew count is written during counting, it will be load- 
ed on the next CLK pulse and counting will continue 
from the new count. If a two-byte count is written, the 
following happens: 


1) Writing the first byte has no effect on counting. 
2) Writing the second byte allows the new count to be 
loaded on the next CLK pulse. 


This allows the sequence to be “retriggered” by soft- 
ware. OUT strobes low N+1 CLK pulses after the new 
count of N is written. 
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CW=18 LSB=3 


o|o|o|] o | FF| FF | FF 
Jal > a iw]s] sae ole FE | FD 


CW=18 LSB=3 


oo; 0;0; 04] 0] O | FF 
COLIC ee 


CW=18 LSB=3 LSB=2 


Iyn[uiwfwlsloleleli lols 
Figure 19. Mode 4 


MODE 5: HARDWARE TRIGGERED STROBE 
(RETRIGGERABLE) 


OUT will initially be high. Counting is triggered by a ris- 
ing edge of GATE. When the initial count has expired, 
OUT will go low for one CLK pulse and then go high 
again. 


After writing the Control Word and initial count, the 
counter will not be loaded until the CLK pulse after a 
trigger. This CLK pulse does not decrement the count, 
so for an initial count of N, OUT does not strobe low un- 
til N+ 1 CLK pulses after a trigger. 


A trigger results in the Counter being loaded with the in- 
itial count on the next CLK pulse. The counting se- 
quence is retriggerable. OUT will not strobe low for 
N+ 1 CLK pulses after any trigger. GATE has no effect 
on OUT. 


If a new count is written during counting, the curent 
counting sequence will not be affected. If a trigger oc- 
curs after the new count is written but before the cur- 
rent count expires, the Counter will be loaded with the 
new count on the next CLK pulse and counting will con- 
tinue from there. 


CW=1A_ LSB=3 


o;]o i; 0] O | FF] O 
Infutwutn[w[slolololels | 


CW=1A_ LSB=3 


0 1 dg fad $e 
[avi] me fof be [Sapo] Spd fat Spe 


CW=1A LSB=3 LSB =5 


¢ {io 0°} 0 | FF FF | 0 | 0 | 
[y[u fw [wn] 2!110/FfFl Fel 5 | 4 


Disables 
counting 


1) Initiates 
counting 

2) Resets output 
after next clock 


1) Disables 
counting Initiates Enables 
2) Sets output counting counting 
immediately 
high 


1) Disables 
counting Initiates Enables 
2) Sets output counting counting 
immediately 
high 


Disables Enables 
counting counting 
Initiates 
counting 


Figure 21. Gate Pin Operations Summary 
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NOTE: 0 IS EQUIVALENT TO 2'© FOR BINARY COUNTING AND 104 FOR 
BCD COUNTING. 


Figure 22. Minimum and Maximum Initial Counts 


Operation Common to All Modes 


PROGRAMMING 


When a Control Word is written to a Counter, all Control 
Logic is immediately reset and OUT goes to a known 
initial state; no CLK pulses are required for this. 
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GATE 


The GATE input is always sampled on the rising edge of 
CLK. In Modes 0, 2, 3, and 4 the GATE input is level 
sensitive, and the logic level is sampled on the rising 
edge of CLK. In Modes 1, 2, 3, and 5 the GATE input is 
rising-edge sensitive. In these Modes, a rising edge of 
GATE (trigger) sets an edge-sensitive flip-flop in the 
Counter. This flip-flop is then sampled on the next rising 
edge of CLK; the flip-flop is reset immediately after it is 
sampled. In this way, a trigger will be detected no matter 
when it occurs—a high logic level does not have to be 
maintained until the next rising edge of CLK. Note that 
in Modes 2 and 3, the GATE input is both edge- and level- 
sensitive. 


COUNTER 


New counts are loaded and Counters are decremented 
on the falling edge of CLK. 


The largest possible initial count is 0; this is equivalent 
to 216 for binary counting and 104 for BCD counting. 


The Counter does not stop when it reaches zero. In 
Modes 0, 1, 4, and 5 the Counter “wraps around” to the 
highest count, either FFFF hex for binary counting or 
9999 for BCD counting, and continues counting. Modes 
2 and 3 are periodic; the Counter reloads itself with the 
initial count and continues counting from there. 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias .......... 0°C to 70°C 
Storage Temperature .............. —65°C to + 150°C 
Voltage on Any Pin with 

Respect to Ground ................. —0.5V to+7V 
POWSS DISSIPGUON cco cc bacecnat ees ctaurnanes 1 Watt 
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*“NOTICE: Stresses above those listed under ‘Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (T,=0°C to 70°C, Vog =5V + 10%) 


Input Low Voltage 
Input High Voltage 


I/O Capacitance 


Output Low Voltage Eo! 


Test Conditions 


Voc + 0.5V 


lo. = 2.0 mA 


lon = —400pA 
Vin= Voec to OV 
Vout= Vcc to 0V 


Units 


Unmeasured pins 
returned to Vss 


A.C. CHARACTERISTICS (1, =0°C to 70°C, Voc =5V+ 10%, GND = OV) 


Bus Parameters (Note 1) 


Address Stable Before RD! 
)tsa CS Stable Before RDY 
Address Hold Time After RDt 


READ CYCLE 


RD Pulse Width 
Data Delay from RDV?! 
RDt to Data Floating 


Command Recovery Time 


Note 1: AC timings measured at Voy, = 2.0V, Vo, = 0.8V. 
Note 2: Test Conditions: C,; = 150 pF. 
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A.C. CHARACTERISTICS (Continued) 


WRITE CYCLE 


i". 


ain 
Adarss Sabie BetoreWAD | 0 
CS subie Solos WAL 
To 
30 


Address Hold Time WRT 


WR Pulse Width 150 
00 


Wa 
| tpw Data Setup Time Before WRt 


Gate Width High 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 DEVICE 


> TEST POINTS < 


0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC "1" AND 0.45V FOR 
A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FORA LOGIC “1” 


AND 0.8V FOR A LOGIC “0. C, INCLUDES JIG CAPACITANCE 
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WAVEFORMS 


oe 
_ Ela 


tow ——>|<—. two —> 


DATA BUS == = =e (, vauo |) 


RECOVERY 


CLOCK AND GATE 


tpwH ae <—tpwi > 


OUTPUT 0 


8-84 AFN-00217D 


intel 


8255A/8255A-5 
PROGRAMMABLE PERIPHERAL INTERFACE 


a MCS-85™ Compatible 8255A-5 
= 24 Programmable I/O Pins 
a Completely TTL Compatible 


= Fully Compatible with Intel® Micro- 
processor Families 


a Improved Timing Characteristics 


a Direct Bit Set/Reset Capability Easing 
Control Application Interface 


a 40-Pin Dual In-Line Package 
= Reduces System Package Count 


a Improved DC Driving Capability 


The Intel® 8255A is a general purpose programmable I/O device designed for use with Intel® microprocessors. It has 
24 1/0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first 
mode (MODE 0), each group of 12 I/O pins may be programmed in sets of 4 to be input or output. In MODE 1, the second 
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand- 
shaking and interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8 
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking. 


—_—_——— +5V 
POWER ° 


SUPPLIES 


——> GND 
GROUP 


A 
a ae 


BI-DIRECTIONAL DATA BUS 


b7-09 < 


DATA 


BUS 
BUFFER 


8-BIT 
INTERNAL 
DATA BUS 


=e 
B 


CONTROL 


Figure 1. 8255A Block Diagram 


1/0 
COwER KY ~— 


Chg 
PA7-PAg 


ne Tr 
PC7-PC4 


maa: PP 
i : PB7-PBo 


Figure 2. Pin Configuration 
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8255A FUNCTIONAL DESCRIPTION 


General 


The 8255A is a programmable peripheral interface (PPI) 
device designed for use in Intel® microcomputer 
systems. Its function is that of a general purpose 1|/O 
component to interface peripheral equipment to the 
microcomputer system bus. The functional configura- 
tion of the 8255A is programmed by the system software 
so that normally no external logic is necessary to inter- 
face peripheral devices or structures. 


Data Bus Buffer 


This 3-state bidirectional 8-bit buffer is used to interface 
the 8255A to the system data bus. Data is transmitted or 
received by the buffer upon execution of input or output 
instructions by the CPU. Control words and status infor- 
mation are also transferred through the data bus buffer. 


Read/Write and Control Logic 


The function of this block is to manage all of the internal 
and external transfers of both Data and Control or Status 
words. It accepts inputs from the CPU Address and Con- 
trol busses and in turn, issues commands to both of the 
Control Groups. 


(CS) 
Chip Select. A “low” on this input pin enables the com- 
muniction between the 8255A and the CPU. 


—> +5V 
POWER 
SUPPLIES 


— GND 


GROUP 
A 


CONTROL 


BI DIRECTIONAL DATA BUS 


(RD) 
Read. A “low” on this input pin enables the 8255A to 
send the data or status information to the CPU on the 


data bus. In essence, it allows the CPU to “read from” 
the 8255A. 


(WR) 
Write. A “low” on this input pin enables the CPU to write 
data or control words into the 8255A. 


(Ag and A;) 


Port Select 0 and Port Select 1. These input signals, in 
conjunction with the RD and WR inputs, control the 
selection of one of the three ports or the control word 
registers. They are normally connected to the least 
significant bits of the address bus (Ag and A)). 


8255A BASIC OPERATION 


PORT C= DATA BUS 


OUTPUT OPERATION 
(WRITE) 


-o | 1 [0 | 0 | DATABUS=PORTA 
1] 1 {| 0 | 0 | DATABUS=PORTB 
oo {| 1 { 0 | o | DATABUS=PORTC 
| 1 { 1 [ 0 | 0 | DATA BUS = CONTROL 
| fs DISABLE FUNCTION 

% DATA BUS = 3-STATE 
1 | 1 {| of 1 |] 0] |LLEGAL CONDITION 
x | x | 1 {| 1 | 0 | DATABUS=+3-STATE 


-—|—!|0/0 


GROUP 
B 


CONTROL 


8 BIT 


INTERNAL GROUP 
DATA BUS 


B . 
(4 pare KS 
LOWER 


GROUP 
8 
PORT 


Figure 3. 8255A Block Diagram Showing Data Bus Buffer and Read/Write Control Logic Functions 
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(RESET) 


Reset. A “high on this input clears the control register 
and all ports (A, C, C) are set to the input mode. 


Group A and Group B Controls 

The functional configuration of each port is program- 
med by the systems software. In essence, the CPU ‘‘out- 
puts” acontrol word to the 8255A. The control word con- 
tains information such as “mode”, “bit set’, ’bit reset”, 
etc., that initializes the functional configuration of the 
8255A. 


Each of the Control blocks (Group A and Group B) accepts 
“commands” from the Read/Write Control Logic, receives 
“control words” from the internal data bus and issues the 
proper commands to its associated ports. 


Control Group A — Port A and Port C upper (C7-C4) 
Control Group B — Port B and Port C lower (C3-CO) 
The Control Word Register can Only be written into. No 
Read operation of the Control Word Register is allowed. 


—_——> +5V 
POWER 


SUPPLIES 
—————_»> GND 


BI-DIRECTIONAL DATA BUS 


Dr-09 € 


CONTROL 


O 
é 
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Ports A, B, and C 


The 8255A contains three 8-bit ports (A, B, and C). All 
can be configured in a wide variety of functional charac- 
teristics by the system software but each has its own 
special features or “personality” to further enhance the 
power and flexibility of the 8255A. 


Port A. One 8-bit data output latch/buffer and one 8-bit 
data input latch. 


Port B. One 8-bit data input/output latch/buffer and one 
8-bit data input buffer. 


Port C. One 8-bit data output latch/buffer and one 8-bit 
data input buffer (no latch for input). This port can be 
divided into two 4-bit ports under the mode control. 
Each 4-bit port contains a 4-bit latch and it can be used 
for the control signal outputs and status signal inputs in 
conjunction with ports A and B. 


PIN CONFIGURATION 


Fn 
PA7-PAo 


PC3-PCo 


PIN NAMES 


vo 
PB7-PBo 


RESET INPUT 


DATA BUS abit 
' CHIPSELECT | 
"READ INPUT | 
“WRITE INPUT 
a0,a1_ | PORT ADDRESS 

PA7-PAOQ PORT A (BIT) 
PB7-PBO PORT B (BIT) 
 PC7-PCO PORT C (BIT) 
Vec . +5 VOLTS 
“GND __‘ @ VOLTS 


a ee) Cae Lees Cee) Lee 


Figure 4. 8225A Block Diagram Showing Group A and 
Group B Control Functions 
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8255A OPERATIONAL DESCRIPTION 
Mode Selection 


There are three basic modes of operation that can be select- 
ed by the system software: 


Mode 0 — Basic Input/Output 
Mode 1 — Strobed Input/Output 
Mode 2 — Bi-Directional Bus 


When the reset input goes “high” all ports will be set to 
the input mode (i.e., all 24 lines will be in the high im- 
pedance state). After the reset is removed the 8255A can 
remain in the input mode with no additional initialization 
required. During the execution of the system program 
any of the other modes may be selected using a single 
output instruction. This allows a single 8255A to service 
a variety of peripheral devices with a simple software 
maintenance routine. 


The modes for Port A and Port B can be separately defined, 
while Port C is divided into two portions as required by the 
Port A and Port B definitions. All of the output registers, in- 
cluding the status flip-flops, will be reset whenever the 
mode is changed. Modes may be combined so that their 
functional definition can be ‘‘tailored’’ to almost any |/O 
structure. For instance; Group B can be programmed in 
Mode 0 to monitor simple switch closings or display compu- 
tational results, Group A could be programmed in Mode 1 
to monitor a keyboard or tape reader on an interrupt-driven 
basis. 


ADDRESS BUS 
CONTROL BUS 


DATA BUS 


PB,-PB, 


PC,-PCy PC>-PC, PA;-PA, 


A 


ire 


PA,-PAy 


on 


PB,-PB, CONTROL 


OR 1/0 


CONTROL 
OR 1/0 


A 


] 2 [Bromectionat 


CONTROL 


Figure 5. Basic Mode Definitions 
and Bus Interface 
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CONTROL WORD 


BRRRSBRE 
has! | 


GROUP B 


PORT C (LOWER) 
1 = INPUT 
0 = OUTPUT 


PORT B 
1 = INPUT 
0 = OUTPUT 


MODE SELECTION 
0 = MODE 0 
1= MODE 1 


GROUP A 


PORT C (UPPER) 
1 = INPUT 
0 = OUTPUT 


PORTA 
1 = INPUT 
0 = OUTPUT 


MODE SELECTION 
00 = MODE 0 
01 = MODE 1 
1X = MODE 2 


MODE SET FLAG 
1= ACTIVE 


Figure 6. Mode Definition Format 


The mode definitions and possible mode combinations 
may seem confusing at first but after a cursory review of 
the complete device operation a simple, logical I/O ap- 
proach will surface. The design of the 8255A has taken 
into account things such as efficient PC board layout, 
control signal definition vs PC layout and complete 
functional flexibility to support almost any peripheral 
device with no external logic. Such design represents 
the maximum use of the available pins. 


Single Bit Set/Reset Feature 


Any of the eight bits of Port C can be Set or Reset using a 
single OUTput instruction. This feature reduces software 
requirements in Control-based applications. 
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When Port C is being used as status/control for Port A or B, 
these bits can be set or reset by using the Bit Set/Reset op- 
eration just as if they were data output ports. 


interrupt Control Functions 


When the 8255A is programmed to operate in mode 1 or 
Pie ey /RESET mode 2, control signals are provided that can be used as 
0 = RESET interrupt request inputs to the CPU. The interrupt re- 
quest signals, generated from port C, can be inhibited or 
enabled by setting or resetting the associated INTE flip- 
flop, using the bit set/reset function of port C. 


This function allows the Programmer to disallow or allow a 
OOBOORREs he ingp laps idan: ! 
lofolololtl1lal1 |B) |). specific I/O device to interrupt the CPU without affecting 
any other device in the interrupt structure. 
INTE flip-flop definition: 


(BIT-SET) — INTE is SET — Interrupt enable 
(BIT-RESET) — INTE is RESET — Interrupt disable 


Note: All Mask flip-flops are automatically reset during 
Figure 7. Bit Set/Reset Format mode selection and device Reset. 


BIT SET/RESET FLAG 
0= ACTIVE 


Operating Modes Mode 0 Basic Functional Definitions: 
@ Two 8-bit ports and two 4-bit ports. 


@ Any port can be input or output. 
MODE 0 (Basic Input/Output). This functional configura © Outputs are latched. 
tion provides simple input and output operations for @ Inputs are not latched. 
each of the three ports. No “handshaking” is required, @ 16 different Input/Output configurations are possible 
data is simply written to or read from a specified port. in this Mode. 
oo tear 
RD 
— 


SA aaa 5 a, ll ED 


MODE 0 (Basic Input) 


ww 
WR 
<< 
taw twa 
OUTPUT 


‘we 


MODE 0 (Basic Output) 
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MODE 0 Port Definition 


a | 8 | Groura 


PORTA a | # PORT B dedohe 
(UPPER) (LOWER) 
7 


OUTPUT | OUTPUT OUTPUT | OUTPUT 
T 
0 | 1 | o | ourPuT | ouTPUT 
7 
= 


2 
=) 
O 
Cc 
uv 
oO 


oO 
LS 


2 
Z 
c 
i 


INPUT 
OUTPUT OUTPUT 
OUTPUT INPUT 
OUTPUT 
INPUT 


OUTPUT OUTPUT | INPUT 
OUTPUT 
cof + [| oureur 
ct [eo | ourrut 
1 | 0 | 1 | ouTPUT 
OUTPUT 
OUTPUT 


| 0 | 
2 
| 2 | 
Lee 
aS 
Ee 
aa 
7 
0 | o | o | iNpuT | oureuT | 8 
9 | 
10 | 
ale 
12 | 
13 
14 | 
ae 


z\iz 2|Z2 
uv| U0 uv\U0 
cic cic 
s\5 = 


OUTPUT | OUTPUT 
oO | a | INPUT INPUT 
ro [+ | 0 | inpur ouTPUT 
INPUT INPUT 

O 


UTPUT | OUTPUT 
OUTPUT | INPUT 
INPUT OUTPUT 
INPUT INPUT 


Po 
ro [+s] 

Co [0 | input 
acca 
4-0] aneut 
pa fanart 


=| =] =| =| =| a |=|=/0O/O!lOo!lo!lolololio 


MODE 0 Configurations 
CONTROL WORD #0 CONTROL WORD #2 
D, De Ds O% DB, D2 DO, Dy D, Dg Ds DO, Ds Dz Dy D 


CONTROL WORD #1 CONTROL WORD #3 
D, Ds Ds Dy, Dy Dz D, Dy D, Dg Dg Dy Dy Dy DB, Dy 


PAz-PAy PA;-PAy 


PC,-PC, 


D,-Dy D,-Dy <> 


4 
PC3-PC, <—_—_/———- PC, PC, 


PB,-PB, 
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CONTROL WORD #4 
D, Dg Ds Dy, Dz Dy D, 


PA,-PAy 
PC,-PC, 
PC3-PC, 
PB,-PB, 
CONTROL WORD #5 
D, Dg Ds Dg Dz Dy Dy Dy 
PA,-PAy 
PC,-PC, 
D7-Do < = 
PC3-PC, 
PB,-PB, 


CONTROL WORD #6 
D; D, D3 Dy D, 

PA,-PA, 

PC,-PC, 


PC3-PC, 


PB,-PB, 


CONTROL WORD #7 
D, Dg Ds D, D3 Ds 

PA,-PA, 

PC,-PC, 


PC3-PC, 


PB,-PBy 
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CONTROL WORD 28 


D, Dg Ds Dy D, D, 


— + PA, PAy 
PC,-PC, 
D7-Dy « . 
PC,-PC, 
PB,-PB, 
CONTROL WORD #9 
D, Dg Ds DO, Dz Dy dD, 
PA,-PAy 
PC,-PC, 
oo = as 
PC3-PC, 
PB, -PB, 
CONTROL WORD #10 
D, Dg Ds OD, Dz Dy D, 
PA,-PAy 
PC,-PC, 
D,-Dy <> 
PC,-PC, 
PB,-PB, 


CONTROL WORD #11 
D, Ds D, Dz; Dy, OD, 


PA, “PA, 
PC, -PC, 
PC3-PCy 


PB,-PB, 
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CONTROL WORD #12 CONTROL WORD #14 


D, D; D, OD, Dr Dg Ds Dy Dz Dz D, Dy 


Dg Ds D, 


CONTROL WORD #13 CONTROL WORD #15 
D7 Deg Ds Dg 03 Dz D1, Dy D, 0g Ds Dy Dz D2 D, 


PA,-PA, PA,-PAy 


PC,-PC, PC,-PC, 


D,-Dy D,-Dy 


PC3-PCy PC,-PC, 


PB,-PB, PB,-PB, 


Operating Modes Mode 1 Basic Functional Definitions: 


@ Two Groups (Group A and Group B) 

@ Each group contains one 8-bit data port and one 4-bit 
control/data port. 

® The 8-bit data port can be either input or output. 


MODE 1 (Strobed Input/Output). This functional con- 
figuration provides a means for transferring I/O data to 
or from a specified port in conjunction with strobes or 


“handshaking” signals. In mode 1, port A and Port B use Both inputs and outputs are latched. 
the lines on port C to generate or accept these ‘“‘hand- @ The 4-bit port is used for control and status of the 
shaking” signals. 8-bit data port. 
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Input Control Signal Definition 


STB (Strobe Input). A “low” on this input loads data into 
the input latch. 


IBF (Input Buffer Full F/F) 


A “high” on this output indicates that the data has been 
loaded into the input latch; in essence, an acknowledgement 
IBF is set by STB input being low and is reset by the rising 
edge of the RD input. 


INTR (interrupt Request) 


A “high” on this output can be used to interrupt the CPU 
when an input device is requesting service. INTR is set by 
the STB is a “one’’, IBF is a “one” and INTE is a “‘one”’. 
It is reset by the falling edge of RD. This procedure allows 
an input device to request service from the CPU by simply 
strobing its data into the port. 


INTE A 
Controlled by bit set/reset of PC 4. 
INTE B 
Controlled by bit set/reset of PC. 


INPUT FROM oo cee 
PERIPHERAL 


MODE 1 (PORT A) 


CONTROL WORD 
D, D, Dy D, Ux D. D; D, 


PC. 7 


1 = INPUT 
0 = OUTPUT 


CONTROL WORD 
D, Dg D, Dy Dz D. D, Dy 


Lt DDD LX 


Figure 8. MODE 1 Input 


Figure 9. MODE 1 (Strobed Input) 
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Output Control Signal Definition 


OBF (Output Buffer Full F/F). The OBF output will go 
“low” to indicate that the CPU has written data out to 
the specified port. The OBF F/F will be set by the rising 
edge of the WR input and reset by ACK Input being low. 


ACK (Acknowledge Input). A “low” on this input informs 
the 8255A that the data from port A or port B has been ac- 
cepted. In essence, a response from the peripheral 
device indicating that it has received the data output by 
the CPU. 


INTR (Interrupt Request). A “high” on this output can be 
used to interrupt the CPU when an output device has ac- 
cepted data transmitted by the CPU. INTR is set when 
ACK is a “one”, OBF is a “one” and INTE is a “one”’. It is 
reset by the falling edge of WR. 


INTE A 
Controlled by bit set/reset of PCg. 
INTE B 
Controlled by bit set/reset of PC >. 


CONTROL WORD 


D, Dg D; Dy D3 Dy D, Dy 


BORD a00x 


CONTROL WORD 
D,; Dg Ds Dy D3 Dz D, Dy 


UD DDX1 Lo Dx 


MODE 1 (PORT A) 


Figure 10. MODE 1 Output 


Figure 11. Mode 1 (Strobed Output) 
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Combinations of MODE 1 


Port A and Port B can be individually defined as input or 
output in Mode 1 to support a wide variety of strobed |/O 


applications. 


CONTROL WORD 


D, Dg Ds D, Dz Dz D, Dy 


AIRES 


1 = INPUT 
0 = OUTPUT 


wR——>o 


PORT A — (STROBED INPUT) 
PORT B — (STROBED OUTPUT) 
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CONTROL WORD 
B. By Dy sD Bs By By By 


a et elias a 
PCa s 
1 = INPUT 


0 = OUTPUT 


RD—-O 


PORT A — (STROBED OUTPUT) 
PORT B — (STROBED INPUT) 


Figure 12. Combinations of MODE 1 


Operating Modes 


MODE 2 (Strobed Bidirectional Bus I/O). This functional 
configuration provides a means for communicating with 
a peripheral device or structure on a single 8-bit bus for 
both transmitting and receiving data (bidirectional bus 
I/O). “‘Handshaking” signals are provided to maintain 
proper bus flow discipline in a similar manner to MODE 
1. Interrupt generation and enable/disable functions are 
also available. 


MODE 2 Basic Functional Definiuuns: 

@ Used in Group A only. 

@ One 8-bit, bi-directional bus Port (Port A) and a 5-bit 
control Port (Port C). 

@ Both inputs and outputs are latched. 

@ The 5-bit control port (Port C) is used for control 
and status for the 8-bit, bi-directional bus port (Port 
A). 


Bidirectional Bus I/O Control Signal Definition 
INTR (Interrupt Request). A high on this output can be 


used to interrupt the CPU for both input or output opera- 
tions. 


Output Operations 


OBF (Output Buffer Ful). The OBF output will go “low” 
to indicate that the CPU has written data out to port A. 
ACK (Acknowledge). A “low” on this input enables the 
tri-state output buffer of port A to send out the data. 
Otherwise, the output buffer will be in the high im- 
pedance state. 


INTE 1 (The INTE Flip-Flop Associated with OBF). Con- 
trolled by bit set/reset of PCg.. 
Input Operations 


STB (Strobe Input) 


STB (Strobe Input). A “low” on this input loads data into 
the input latch. 


IBF (input Buffer Full F/F). A “high” on this output in- 
dicates that data has been loaded into the input latch. 


INTE 2 (The INTE Flip-Flop Associated with IBF). Con- 
trolled by bit set/reset of PCy4. 
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CONTROL WORD 


D D, Dy BD Dy BD, D, By 
/0 


PL DD | 


PCr 


1 = INPUT 
0 = OUTPUT 


PORT B 


1 = INPUT 
0 = OUTPUT 


GROUP B MODE 
0 = MODE 0 
1=MODE 1 


Figure 13. MODE Control Word Figure 14. MODE 2 


DATA FROM 
CPU TO 8255A 


PERIPHERAL 
BUS 


/ 
/ 
DATA FROM DATA FROM 
PERIPHERAL TO 8255A 8255A TO PERIPHERAL 


DATA FROM 
8255A TO 8086 


Figure 15. MODE 2 (Bidirectional) 


NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. 
(INTR = IBF « MASK « STB » RD + OBF + MASK « ACK « WR ) 
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MODE 2 AND MODE 0 (INPUT) 


CONTROL WORD 
D, Dg Dy Dy Dg Dz Dy Dy 


PL DDDd Ls [v0 
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MODE 2 AND MODE 0 (OUTPUT) 


CONTROL WORD 
D, Dg Ds Dg Ds Dz D, Dy 


tL DDD | 9 Ivo 


PCro 
1= INPUT 
0 = OUTPUT 


MODE 2 AND MODE 1 (OUTPUT) MODE 2 AND MODE 1 (INPUT) 


CONTROL WORD CONTROL WORD 


D, Dg Dz Dy D3 Dz D, Dy D, 0, BD, Dy Dy Dy D, DB, 


PL xd | ob 578, PL Dd 1X 


Figure 16. MODE % Combinations 
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Mode Definition Summary 


Special Mode Combination Considerations 


There are several combinations of modes when not all of the 
bits in Port C are used for control or status. The remaining 
bits can be used as follows: 


If Programmed as Inputs — 
All input lines can be accessed during a normal Port C 
read. 


If Programmed as Outputs — 
Bits in C upper (PC7-PC4) must be individually accessed 
using the bit set/reset function. 


Bits in C lower (PC3-PCg) can be accessed using the bit 
set/reset function or accessed as a threesome by writing 
into Port C. 


Source Current Capability on Port B and Port C 


Any set of eight output buffers, selected randomly from 
Ports B and C can source 1mA at 1.5 volts. This feature 
allows the 8255 to directly drive Darlington type drivers 
and high-voltage displays that require such source current. 


Reading Port C Status 


In Mode O, Port C transfers data to or from the peripheral 
device. When the 8255 is programmed to function in Modes 
1 or 2, Port C generates or accepts ‘‘hand-shaking’’ signals 
with the peripheral device. Reading the contents of Port C 


GROUP A ONLY 
<_—_——_ 


pe 
<——_—_»> 
<___» 
ne 
<_—_—_» 
<—__» 
on 


MODE 0 
OR MODE 1 
ONLY 


allows the programmer to test or verify the ‘‘status’’ of each 
peripheral device and change the program flow accordingly. 


There is no special instruction to read the status informa- 
tion from Port C. A normal read operation of Port C is 
executed to perform this function. 


INPUT CONFIGURATION 


Dg Ds D, D3 Dz D, Do 
INTE, | INTR, | INTE, 10F | NTR, 
JL 


. 
GROUP A 


T 
GROUP B 


OUTPUT CONFIGURATION 


> | F&F & > ®& DBD 
UL _____-________] 


GROUP A 


GROUP B 
Figure 17. MODE 1 Status Word Format 


Dy 


DDD 


T T 
GROUP A GROUP B 


(DEFINED BY MODE 0 OR MODE 1 SELECTION) 


Figure 18. MODE 2 Status Word Format 
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APPLICATIONS OF THE 8255A 


The 8255A is a very powerful tool for interfacing 
peripheral equipment to the microcomputer system. It 
represents the optimum use of available pins and is flex- 
ible enough to interface almost any I/O device without 
the need for additional external logic. 


Each peripheral device in a microcomputer system 
usually has a ‘‘service routine’ associated with it. The 
routine manages the software interface between the 
device and the CPU. The functional definition of the 
8255A is programmed by the I/O service routine and 
becomes an extension of the system software. By ex- 
amining the I/O devices interface characteristics for 
both data transfer and timing, and matching this infor- 
mation to the examples and tables in the detailed opera- 
tional description, a control word can easily be devel- 
oped to initialize the 8255A to exactly “‘fit” the applica- 
tion. Figures 19 through 25 present a few examples of 
typical applications of the 8255A. 


INTERRUPT 
REQUEST 


HIGH-SPEED 
PRINTER 


MODE1 _ 
(OUTPUT) 


HAMMER 
RELAYS 


| 
DATA READY 
ACK 

PAPER FEED 
FORWARD/REV 


| PBy | 
| PB, | 


| PB, 7 
| PBS DATA READY 
PB, ACK 
MOeE | PB, PAPER FEED 
| PB, FORWARD/REV 
| PB, RIBBON 
CARRIAGE SEN. 
DATA READY 
ACK 


CONTROL LOGIC AND DRIVERS 
INTERRUPT 


REQUEST 


Figure 19. Printer Interface 
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INTERRUPT 
REQUEST 


MODE 1 _| 
(INPUT) 


MODE 1 _| 
(OUTPUT) 


INTERRUPT 
REQUEST 


FULLY 
DECODED 
KEYBOARD 


CONTROL 


STROBE 


BURROUGHS 
SELF-SCAN 
DISPLAY 


Bs 
BACKSPACE 
CLEAR 


DATA READY 


ACK 
BLANKING 


CANCEL WORD 


Figure 20. Keyboard and Display Interface 


INTERRUPT 
REQUEST 


MODE 1 


| 
(INPUT) 
| 


(INPUT) 


FULLY 
DECODED 
KEYBOARD 


SHIFT 
CONTROL 


STROBE 
ACKNOWLEDGE 


BUSY LT 
TEST LT 


TERMINAL 
ADDRESS 


Figure 21. Keyboard and Terminal Address 


Interface 
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MODE 0 
(OUTPUT) 


CONVERTER ANALOG OUTPUT 


(DAC) 


STB DATA 
OUTPUT EN 


BIT 
SET/RESET 


CONVERTER 
(ADC) 


ANALOG INPUT 


MODE 0 
(INPUT) 


Figure 22. Digital to Analog, Analog to Digital 


INTERRUPT 
REQUEST 


CRT CONTROLLER 

@ CHARACTER GEN. 
e@ REFRESH BUFFER 
@ CURSOR CONTROL 


MODE 1 SHIFT 
(OUTPUT) CONTROL 


DATA READY 
ACK 
BLANKED 


BLACK/WHITE 


ROW STB 
COLUMN STB 
CURSOR H/V STB 


MODE 0 
(OUTPUT) 


CURSOR/ROW/COLUMN 
ADDRESS 
H&V 


Figure 24. Basic Floppy Disc Interface 
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INTERRUPT 
REQUEST 


MODE 0 
(OUTPUT) 


FLOPPY DISK 
CONTROLLER 
AND DRIVE 


DATA STB 
ACK (IN) 
DATA READY 
ACK (OUT) 


TRACK “0” SENSOR 
SYNC READY 
INDEX 


ENGAGE HEAD 
FORWARD/REV. 
READ ENABLE 
WRITE ENABLE 
DISC SELECT 
ENABLE CRC 
TEST 

BUSY LT 


Figure 23. Basic CRT Controller Interface 


INTERRUPT 
REQUEST 


MODE 1 
(INPUT) 


8255A 


MODE 0 
(INPUT) 


MODE 0 
(OUTPUT) 


8 LEVEL 
PAPER 
TAPE 

READER 


STOP/GO 


MACHINE TOOL 


START/STOP 
LIMIT SENSOR (H/V) 
OUT OF FLUID 


CHANGE TOOL 
LEFT/RIGHT 
UP/DOWN 

HOR. STEP STROBE 
VERT. STEP STROBE 
SLEW/STEP 

FLUID ENABLE 
EMERGENCY STOP 


Figure 25. Machine Tool Controller Interface 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under ‘“‘Absolute 


Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


° Fs (e) °o 
ambient Temperature Under Bias. «2 +p 1+ +s ae tea © tion of the device at these or any other conditions above 
Storage Temperature. ............. —65 C to +150 C those indicated in the operational sections of this specifi- 
Voltage on Any Pin cation is not implied. Exposure to absolute maximum 
With Respect to Ground............ —0.5V to +7V rating conditions for extended periods may affect device 
Power Dissipation. ...................-.. 1 Watt reliability. 


D.C. CHARACTERISTICS (Ta = 0°C to 70°C, Veco = +5V + 5%, GND = OV) 


[—Symbot_ | Parameter 
Input Low Voltage 
V 


fin | Input High Voltage 
Vo. (DB) | Output Low Voltage (Data Bus) 


IL 
1H 
Darlington Drive Current 


NOTE: 
1. Available on any 8 pins from Port B and C. 


CAPACITANCE = (hh = 25°C, Voc = GND = OV) 


1/O Capacitance Unmeasured pins returned to GND 


A.C. CHARACTERISTICS = (1, = 0°C to 70°C, Voc = +5V + 5%, GND = OV) 


Bus Parameters 


Ad 


dress Stable Before READ 


Address Stable After READ 
READ Pulse Width 


Data Valid From READI1] 
Data Float After READ 
Time Between READs and/or WRITEs | 850 | 850 


8-101 AFN-00744B 


intel 8255A/8255A-5 


A.C. CHARACTERISTICS (Continued) 


WRITE 


set Twin [Me 
Se 
wa | Aes Sabie aerwaire |_| 
| 400 | 
100 | 
of 


WRITE Pulse Width 
Data Valid to WRITE (T.E.) 
Data Valid After WRITE 


OTHER TIMINGS 

ee 
ee ee ee 
SO 
[tin | Peiehwral Dataset | of | 
Se 
[ine [ACK Puke wet | a] 
[ter [S78 Pus wieth ————SS—~d soos 
[ins | Per. Dae afore TEarsre ie || « | 
ee 
[wo [ACK = Oro OurpuelT ———S*dSSSS*dSC 
[60 


50 


min, 
al 
= 
es 
00 
To 
0 [ 
[0 
[30280 
[eso 
non | AcK=oro08r=- TT ——SSSdTSSSC*dCas is 
[tse | ste-ow r=) ———~«dTS~*dtCiao | Sime 
[tae | RO=toer-o «dt SSSC*dt moo 
[tar | R= OtonTR=aT SS oat |e 


Pwr | wa= oreo —«YS*Y aso Ys 


NOTES: 

1. Test Conditions: 8255A: C, = 100pF; 8255A-5: C, = 150pF. 

2. Period of Reset pulse must be at least 50us during or after power on. Subsequent Reset pulse can be 500 ns min. 
3. INTR} may occur as early as WR. 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


DEVICE 
UNDER 
TEST 


— = 100 pF 


C, = 150 pF 


0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC “1° AND 0.45V FOR 
A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC “1° 
AND 0.8V FOR A LOGIC °0 


*Vext IS SET AT VARIOUS VOLTAGES DURING TESTING TO GUARANTEE THE 
SPECIFICATION. 
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WAVEFORMS 


MODE 0 (BASIC INPUT) 


CS, A1, AO 


MODE 0 (BASIC OUTPUT) 


CS, A1, AO 


OUTPUT 
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WAVEFORMS (Continued) 


MODE 1 (STROBED INPUT) 


—_—— toy —___> 


INPUT FROM 
PERIPHERAL 


MODE 1 (STROBED OUTPUT) 


OUTPUT 
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MODE 2 (BIDIRECTIONAL) 


DATA FROM 
if 8080 TO 8255 


PERIPHERAL 
BUS 


DATA FROM DATA FROM 
PERIPHERAL TO 8255 8255 TO PERIPHERAL 


DATA FROM 
8255 TO 8080 


NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. 
(INTR = IBF *« MASK « STB « RD + OBF * MASK « ACK « WR ) 


WRITE TIMING READ TIMING 


— —#! j—tha 


tae 
aD X i 


——>trof* > ‘pF — 


DATA BUS) ZZ 
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MULTIFUNCTION UNIVERSAL 
ASYNCHRONOUS RECEIVER-TRANSMITTER (MUART) 


= Programmable Serial Asynchronous 


Communications Interface for 5-, 6-, 7-, 


or 8-Bit Characters, 1, 112, or 2 Stop 
Bits, and Parity Generation 


= On-Board Baud Rate Generator 
Programmable for 13 Common Baud 
Rates up to 19.2K Bits/second, or an 
External Baud Clock Maximum of 1M 
Bit/second 


= Five 8-Bit Programmable Timer/ 
Counters; Four Can Be Cascaded to 
Two 16-Bit Timer/Counters 


= Two 8-Bit Programmable Parallel I/O 


Ports; Port 1 Can Be Programmed for 
Port 2 Handshake Controls and Event 
Counter Inputs 


Eight-Level Priority Interrupt Controller 
Programmable for 8085 or iAPX 86, 
iAPX 88 Systems and for Fully Nested 
Interrupt Capability 


Programmable System Clock to 1x, 
2x,3x,or5x 1.024 MHz 


The Intel® 8256 Multifunction Universal Asynchronous Receiver-Transmitter (MUART) combines five com- 
monly used functions into a single 40-pin device. It is designed to interface to the 8048, 8085A, iAPX 86, and 
iAPX 88 to perform serial communications, parallel I/O, timing, event counting, and priority interrupt func- 
tions. All of these functions are fully programmable through nine internal registers. In addition, the five 
timer/counters and two parallel I/O ports can be accessed directly by the microprocessor. 


ADO-AD4 
ADDRESS/ 
DATA 


BUS 


BUFFERS 
DB5-DB7 — 


REGISTERS 


9 
TO ALL INTERNAL 
CONTROL mae FUNCTIONS 


ADO 


2 SYSTEM 
PORT 1 
PARALLEL = PORT2 CLOCK 
PORTS PRESCALER 


COUNTER 
PRESCALER 


BAUD 
RATE 
GENERATOR 


COUNTER/ 
TIMERS 


/  UART 
INTERRUPT 
CONTROLLER EXTINT 


Figure 1. MUART Block Diagram 
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Figure 2. MUART Pin Configuration 
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Table 1. Pin Description 


[Simbel [Pina [Time [Wane ane Funcon 


ADO-AD4 : /O |Address/Data: Three-State Address/Data 


DB5-DB7 lines which interface with the CPU lower 
8-bit address/data bus. The 5-bit address 
is latched on the falling edge of ALE. In 
8048 and 8085 mode, ADO-AD3 are used 
to select the proper register, while AD1- 
AD4 are used in 8086 and 8088 mode. 
The 8-bit bidirectional data bus is either 
written into or read from the chip 
depending on the latched CS and RD or 


ALE Address Latch Enable: Latches the 5 
address lines on ADO-AD4 and CS on 


the falling edge. 


Read Control: When this signal is low, 
the previously selected register is 
enabled onto the data bus. 


Write Control: When this signal is low, 
the value on the data bus is placed into 
the previously selected register. 


Pulse provided by the CPU to initialize 
the system. The MUART remains “idle” 
until it is reprogrammed by the CPU. 


Chip Select: A low on this signal 
enables the MUART. It is latched with 
the address on the falling edge of ALE, 
and RD and WR have no effect unless 
CS was latched low during the ALE 


Interrupt Acknowledge: If the MUART 
has been enabled to respond to inter- 
rupts, it puts an RST on the bus for the 
8085 or a vector for the 8086. The bit in 
the interrupt register is reset when the 
interrupt is placed onto the bus. 


INT Interrupt: A high signals the CPU that 
the MUART needs service. 


EXTINT External Interrupt: A high on this pin 
signals that an external device requests 


service. EXTINT must be held high until 


INTA or read interrupt occurs. 


System Clock: This input provides an 
accurate timing source for the MUART. 
It must be 1x, 2x, 3x, or 5x 
1.024 MHz and is used by the baud rate 
generator and real time clocks. 


Receive Clock: If baud rate 0 is 
selected, this input clocks bits into RxD 
on the rising edge. If a baud rate from 
1-OFi, is selected, this output will 
provide a rising edge at the center of 
each received data bit. This output 
remains high during start, stop, and 
parity bits. 


Receive Data: Serial data input from the 
modem or terminal to the MUART. 
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| Voc | 40 | Ps | Power: +5V POWER supply. 


P17-P10 | Parallel I/O Port 1: Each pin can be pro- 


grammed as an input or an output to 
z nau 


perform general purpose I/O functions 
for the CPU under software control. In 
addition to general I/O, I/O Port 1 can be 
programmed to a variety of special 
functions for handshake control, 
counter inputs, and special com- 
munications functions. 


Parallel I/O Port 2: Each nibble (4 bits) 
of this port can be either an input or an 
output. Also, this port can be used as a 
bidirectional 8-bit port using handshake 
lines in Port 1. 


Transmit Data: This output carries the 
serial data to the terminal or modem 
from the MUART. 


Transmit Clock: If the baud rate is 0, 
this input clocks data out of the trans- 
mitter on the falling edge. If a baud rate 
of 1 or 2 is selected, this input permits 
the user to provide a 32x or 64x clock 
which is used for the receiver and trans- 
mitter. If the baud rate is 3-OF4., the 
internal transmitter clock is output. If 
1% stop bits are selected and 
characters are continuously transmit- 
ted, the internal baud rate generator will 
be reset at the end of the stop bits and 
the clock will have a small positive 
spike instead of a half clock. A high-to- 
low transition occurs at the beginning of 
each bit and a low-to-high transition at 
the center of each bit. 


Clear to Send: This input enables the 
serial transmitter. If CTS is low, any 
character in the transmitter buffer will 
be sent. A single negative-going pulse 
causes the transmission of a single 
previously loaded character out of the 
transmitter buffer. If this pulse occurs 
when the buffer is empty or during the 
transmission of a character up to 0.5 of 
the first stop bit, it will be ignored. If a 
baud rate from 1-OF 4, is selected, CTS 
must be low for at least 1/32 of a bit, or it 
will be ignored. 
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FUNCTIONAL DESCRIPTION 


The 8256 Multi-Function Universal Asynchronous 
Receiver-Transmitter (MUART) combines five commonly 
used functions onto a single 40-pin device. The MUART 
performs asynchronous serial communications, parallel 
I/O, timing, event counting, and interrupt control. 


Serial Communications 


The serial communications portion of the MUART 
contains a_ full-duplex asynchronous _ receiver- 
transmitter (UART). A programmable baud rate genera- 
tor is included on the MUART to permit a variety of 
operating speeds without external components. The 
UART can be programmed by the CPU for a variety of 
character sizes, parity generation and detection, error 
detection, and start/stop bit handling. The receiver 
checks the start and stop bits in the center of the bit, 
and a break halts the reception of data. The transmitter 
can send breaks and can be controlled by an external 
enable pin. 


Parallel! I/O 


The MUART includes 16 bits of general purpose parallel 
I/O. Eight bits (Port 1) can be individually changed from 
input to output or used for special I/O functions. The 
other eight bits (Port 2) can be used as nibbles (4 bits) or 
as bytes. These eight bits also include a handshaking 
Capability using two pins on Port 1. 


Counter/Timers 


There are five 8-bit counter/timers on the MUART. The 
timers can be programmed to use either a 1kHz or 
16kHz clock generated from the system clock. Four of 
the 8-bit counter/timers can be cascaded to two 16-bit 
counter/timers, and one of the 8-bit counter/timers can 
be reset to its initial value by an external signal. 


interrupts 


An eight-level priority interrupt controller can be 
configured for fully nested or normal interrupt priority. 
Seven of the eight interrupts service functions on the 
MUART (counter/timers, UART), and one external inter- 
rupt is provided which can be used for a particular 
function or for chaining interrupt controllers or more 
MUARTs. The MUART will support 8085 and 8086/88 
systems with direct interrupt vectoring, or the MUART 
can be polled to determine the cause of the interrupt. 
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Command Register 1 


rut [to | 1] so [en] er [e086 [Fre 


(OR) (OW) 


FRQ — Timer Frequency Select 


This bit selects between two frequencies for the five 
timers. If FRQ=0, the timer input frequency is 16kHz 
(62.5us). If FRQ=1, the timer input frequency is 1kHz 
(1 ms). The selected clock frequency is shared by all the 
counter/timers enabled for timing; thus, all timers must 
run with the same time base. 


8086 — 8086 Mode Enable 


This bit selects between 8048/8085 mode and 8086/8088 
mode. In 8085 mode (8086=0), AO to A3 are used to 
address the internal registers, and an RST instruction is 
generated in response to the first INTA. In 8086 mode 
(8086 = 1), A1 to A4 are used to address the internal 
registers, and AO is used as an extra chip select (AO 
must equal zero to be enabled). The response to INTA is 
for 8086 interrupts where the first INTA is ignored, and 
an interrupt vector (4046 to 4746) is placed on the bus in 
response to the second INTA. 


BIT! — Interrupt on Bit Change 


This bit disables the Timer 2 interrupt and enables an 
interrupt when a low-to-high transition occurs on pin 7 
of Port 1 (pin 32). 


BRKI — Break-in Detect Enable 


This bit enables the break-in detect feature. A break-in is 
detected when pin 6 of Port 1 (pin 33) is low during the 
first stop bit of a transmitted character. This could be 
used to detect a break-in condition by connecting the 
serial transmission line to pin 33. A break-in detect is 
OR-ed with break detect in bit 3 of the Status Register. If 
RxC and TxC are used for the serial bit rates, break-in 
cannot be detected. 


SO, Si —- Stop Bit Length 


Si SO Stop Bit Length 
0 0 1 
0 1 is 
1 0 2 
1 1 0.75 


If 0.75 stop bits is selected, CTS becomes edge 
sensitive rather than level sensitive. A high-to-low tran- 
sition of CTS immediately initiates the transmission of 
the next character. A high-to-low transition will be 
ignored if the transmit buffer is empty, or if it occurs 
before 0.75 of the first stop bit. It will shorten the stop 
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Table 2. MUART Registers 


Read Registers 


8085 Mode: AD3 

8086 Mode: AD4 

Pur [ wo] st] so [enki] err [eves] Fra] 0 
Command 1 

|Pen} ep] ci| co} e3| sz] B1| 80| 0 
Command 2 

| 0 | Rxe] tae] Nie] 0 |sBRkiTBRK] o | 0 
Command 3 


T35 | 124 P2C2|P2C1}|P2CO0} 0 


T5C | CT3} CT2 
Mode 


Lpi7| pre} pis] pia] pia | pie | Pts | 


Port 1 Control 


. 


Interrupt Enable 


LILI EILILICICI, 


Interrupt Address 


| 06 | os | os | os | v2 | oi | oo] 0 


Receiver Buffer 


=) 


SI 
N 


|b7 | D6 | 05 | D4 | 3 | 2 | D1 | Do] 1 
Port 1 

07 | 06 | bs | D4 | 3 | b2 | 01 | Do} 1 
Port 2 

| 07 | be | D5 | D4 | D3 | D2 | D1 | bo | 1 
Timer 1 


| 
~ 
a 
ht 


Timer 2 
| b7 | 06 | 0s | pa | 3 | b2 | 01 | bo} 1 
Timer 3 


ig 
N 
8 
w 


—s 


Timer 4 


g 
N 


st 


Timer 5 
[int [rer [ree [tre [eo [re [oe [re | 
Status 


Write Registers 


AD2 AD1 ADO 
AD3 AD2 AD1 


0 0 o | tt} Lo} st] so] BRKi BIT] 8086] FRA! 
Command 1 
o o 1 [pen] ep] cr] co} es] e2| e1| Bo 
Command 2 
0 1 o [ser] ree] iat | We | eno]sendrand ast 
Command 3 
Mode 
1 0 0 [| pi7{ pre} P15] p14] pis | P12 | Pit] Pro. 
Port 1 Control 
Set Interrupts 
Reset Interrupts 
114 [ores Tos [04 [os [ve [or [00 
Transmitter Buffer 
0 o 0 [| o7| ve] bs | ps | 03 | ba | ot | 00 
Port 1 
0 o 1 [or [os] os [04 [0s [v2 [i | 00 | 
Port 2 
o 1 0 | p7 | 06 | os | pa | bs | ba | 1 | bo | 
Timer 1 
o 1 4 | 7 | ds | bs | D4 | ba | b2 | ot | bo 
Timer 2 
1 0 © [pz | be | bs | pa | bs | be | 01 | bo | 
Timer 3 


Timer 4 


g 
N 
8 
.o) 


g 
N 
B 
ie) 


= 
= 
oO 


Timer 5 
1 1 1 [o Jase Tass [ase [ast [aso [rwe [osc 
Modification 
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bit if it occurs after % of the stop bit has been sent. If 
CTS is high or low or a low-to-high transition occurs, the 
transmitter remains idle. 


LO, L1 — Character Length 


L1 LO Character Length 
0 0 8 
0 1 7 
1 0 6 
1 1 5 


Command Register 2 


pen| ep | ct{ co{ es] ez] et} 60 


(1R) (1W) 


BO, B1, B2, B3 — Baud Rate Select 


B3 B2 Bi BO’ Baud Rate Sampling Rate 
0 0 0 0 Tx, RxC 1 
0 0 0 1 TxC/64 64 
0 0 1 0 TxC/32 32 
0 0 1 1 19200 32 
0 1 0 0 9600 64 
0 1 0 1 4800 64 
0 1 1 0 2400 64 
0 1 1 1 1200 64 
1 0 0 0 600 64 
1 0 0 1 300 64 
1 0 1 0 200 64 
1 0 1 1 150 64 
1 1 0 0 110 64 
1 1 0 1 100 64 
1 1 1 0 75 64 
1 1 1 1 50 64 


If the baud rate is 0, then both the transmitter and 
receiver operate from separate external clocks. If the 
baud rate is 1 or 2, then both the transmitter and receiver 
divide the TxC by 64 or 32, respectively. 


CO, Ci — System Clock Divider 


Ci CO Divider Ratio System Clock Frequency 
0 0 5 5.120 MHz 
0 1 3 3.072 MHz 
1 0 2 2.048 MHz 
1 1 1 1.024 MHz 


EP — Even Parity 

If parity is enabled, then even parity is enabled by a 1 
and odd parity is enabled by a 0. 

PEN — Parity Enable 


This enables parity detection and generation. The type 
of parity is determined by the EP bit. 
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Command Register 3 


ser [roe [at [we [evo [sendrandasr| 
(2R) (2W) 


Command Register 3 is different from the first two 
registers because it has a bit set/reset capability. 
Writing a byte with bit 7 high sets any bits which were 
also high. Writing a byte with bit 7 low resets any bits 
which were high. If any bit 0-6 is low, no change occurs 
to that bit. When Command Register 3 is read, bits 0, 3, 
and 7 will always be zero. 


RST — Reset 
lf RST is set, the following events occur: 


1. All bits in the Status Register except bits 4 and 5 are 
cleared, and bits 4 and 5 are set. 


2. The Interrupt Enable, Interrupt Request, and Interrupt 
Service Registers are cleared. 


3. The receiver and transmitter are reset. The transmit- 
ter goes idle (TxD is high), and the receiver enters 
start bit search mode. 


4. If Port 2 is programmed for handshake mode, IBF and 
OBF are reset high. 


RST does not alter ports, data registers or command 
registers, but it halts any operation in progress. RST is 
automatically cleared. 


TBRK — Transmit Break 


This causes the transmitter data to be set low, and it 
stays low until TBRK is cleared. As long as break is 
active, data transfer from the Transmitter Buffer to the 
Transmitter Register will be inhibited. 


SBRK — Single Character Break 


This causes the transmitter data to be set low for one 
character including start bit, data bits, parity bit, and 
stop bits. SBRK is automatically cleared when time for 
the last data bit has passed. It will start after the 
character in progress completes and will delay the next 
data transfer from the Transmitter Buffer to the Trans- 
mitter Register until TxD returns to an idle (marking) 
state. If both TBRK and SBRK are set, break will be sent 
as long as TBRK is set, but SBRK will be cleared after 
one character time of break. If SBRK is set again, it 
remains set for another character. The user can send a 
definite number of break characters in this manner by 
clearing TBRK after setting SBRK for the last character 
time. 


END — End of Interrupt 


If fully nested interrupt mode is selected, this bit resets 
the currently served interrupt level in the Interrupt 
Service Register. This command must occur at the end 
of each interrupt service routine during fully nested 
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interrupt mode. END is automatically cleared when the 
Interrupt Service Register (internal) is cleared. See the 
NIE description for more information on nested 
interrupt servicing. END is ignored if nested interrupts 
are not enabled. 


NIE — Nested Interrupt Enable 


This bit enables fully nested interrupts. In this mode, 
the service routine for a lower priority interrupt can be 
interrupted by a request from a higher priority task. 


In fully nested interrupt mode, INTA or reading the Inter- 
rupt Address Register resets the highest priority inter- 
rupt bit in the Interrupt Register (internal), sets the cor- 
responding bit in the Interrupt Service Register 
(internal), and resets INT. If an interrupt of higher 
priority than the currently served interrupt is requested 
or the END bit is set while another interrupt request is 
pending, the INT line will go high again. If an interrupt 
service routine is interrupted by an interrupt of higher 
priority, two or more bits in the Interrupt Service 
Register will be set. 


If NIE is low, interrupt priority is used only when two 
interrupts occur at the same time. INT will be high as 
long as the CPU has not responded to all the interrupts 
in the Interrupt Register. 

IAE — Interrupt Acknowledge Enable 


This bit enables an automatic response to INTA. The 
particular response is determined by the 8086 bit in 
Command Register 1. 

RxE — Receiver Enable 


This bit enables the serial receiver. The Receiver Buffer 
and all receiver status information will be disabled 
except for the break detect status. 


SET — Bit Set/Reset 


If this bit is high during a write to Command Register 3, 
then any bit marked by a high will be set. If this bit is 
low, then any bit marked by a high will be cleared. 


Mode Register 
(3R) (3W) 


P2C2, P2C1, P2CO — Port 2 Control 


Direction 

P2C2 P2Ci1 P2C0O Mode Upper Lower 
0 0 0 nibble input input 
0 0 1 nibble input output 
0 1 0 nibble output input 
0 1 1 nibble output output 
1 0 0 byte handshake input 
1 0 1 byte handshake output 
1 1 0 DO NOT USE 
1 1 1 test 
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If test mode is selected and BRG of Port 1 Control 
Register is set, then the output from the internal baud 
rate generator is placed on pin 4 of Port 1 (pin 35). 


CT2, CT3 — Counter/Timer Mode 


If CT2 or CT3 are high, then counter/timer 2 or 3 respec- 
tively is configured as an event counter on pin 2 or 3 
respectively of Port 1 (pins 37 or 36). The event counter 
decrements the count by one on each low-to-high tran- 
sition of the external input. If CT2 or CT3 is low, then the 
respective counter/timer is configured as a timer and 
the Port 1 pins are used for parallel I/O. 


T5C — Timer 5 Control 


If T5C is set, then Timer 5 can be preset and started by 
an external signal. Writing to the Timer 5 Register loads 
the Timer 5 Save Register and stops the timer. A high-to- 
low transition on pin 5 of Port 1 (pin 34) loads the timer 
with the saved value and starts the timer. The next high- 
to-low transition on pin 5 retriggers the timer by 
reloading it with the initial value and continues timing. 


When the timer reaches zero it issues an interrupt 
request, disables its interrupt level and continues 
counting. A subsequent high-to-low transition on pin 5 
resets Timer 5 to its initial value. For another timer 
interrupt, the Timer 5 interrupt enable bit must be set 
again. 


T35, T24 — Cascade Timers 


These two bits cascade Timers 3 and 5 or 2 and 4. 
Timers 2 and 3 are the lower bytes, while Timers 4 and 5 
are the upper bytes. If T5C is set, then both Timers 3 and 
5 can be preset and started by an external pulse. Whena 
high-to-low transition occurs, Timer 5 is preset to its 
saved value, but Timer 3 is always preset to all ones. If 
either CT2 or CTS is set, then the corresponding timer 
pair is a 16-bit event counter. 


Port 1 Control Register 


[ear [rie [rie [ra] Pra | Pra | wr | Pr 


(4R) (4W) 


Each bit in the Port 1 Control Register configures the 
direction of the corresponding pin. If the bit is high, the 
pin is an output, and if it is low the pin is an input. Every 
Port 1 pin has another function which is controlled by 
other registers. If that special function is disabled, the 
pin functions as a general I/O pin as specified by this 
register. The special functions for each pin are des- 
cribed below. 


Port 10, 11 — Handshake Control 


If byte handshake control is enabled for Port 2 by the 
Mode Register, then Port 10 is programmed as STB/ACK 
handshake control input and Port 11 is programmed as 
IBF/OBF handshake control output. 


If byte handshake mode is enabled for output on Port 2, 
OBF indicates that a character has been loaded into the 
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Port 2 output buffer. When an external device reads the 
data, it acknowledges this operation by driving ACK low. 
OBF is set low by writing to Port 2 and is reset high by 
ACK. 


lf byte handshake mode is enabled for input on Port 2, 
STB is an input to the MUART to latch the data into Port 
2. After the data is latched, IBF is driven low. IBF is reset 
high when Port 2 is read. 


Port 12, 13 — Counter 2, 3 Input 


lf Timer 2 or Timer 3 is programmed as an event counter 
by the mode register, then Port 12 or 13 is the counter 
input for Event Counter 2 or 3, respectively. 


Port 14 — Baud Rate Generator Output Clock 


lf test mode is enabled by the Mode Register and 
Command Register 2 baud rate select is greater than 2, 
then Port 14 is an output from the internal baud rate 
generator. 


Port 15 — Timer 5 Trigger 


lf T5C is set in the Mode Register enabling a re- 
triggerable timer, then Port 15 is the input which starts 
and reloads Timer 5. 


Port 16 —- Break-in Detect 


lf break-in detect is enabled by BRKI in Command 
Register 1, then this input is used to sense a break-in. If 
Port 16 is low while the serial transmitter is sending the 
last stop bit, then a break-in condition is signaled. 


Port 17 — Port Interrupt Source 


lf BIT| in Command Register 1 is set, then a low-to-high 
transition on Port 17 generates an interrupt request on 
priority level 1. 


Receiver and Transmitter Buffer 


07 | be | os | ps | os | v2 | ot | 00 | 


(7R) (7W) 


Both the transmitter and the receiver in the MUART are 
fully double buffered. The Receiver Buffer full flag is 
cleared when the character is read. If the character is 
not read before the next character’s first stop bit, then 
an overrun error is generated. Bytes written to the 
Transmitter Buffer are held until the Transmitter 
Register (internal) is empty. If the Transmitter Register 
is empty, the byte is transferred immediately and the 
Transmitter Buffer empty flag is set. If a serial character 
length is less than & bits, then the unused most signifi- 
Cant bits are set to zero on a read and are ignored ona 
write. 


8-112 


8256 


ADVANCE INFORMATION 


Port 1 
or oe eee ae bee | a ee 


Writing to Port 1 sets the data in the Port 1 output latch. 
Writing to an input pin does not affect the pin, but the 
data is stored and will be output if the direction of the 
pin is changed later. If the pin is used as a control 
signal, the pin will not be affected, but the data is 
stored. Reading Port 1 transfers the data in Port 1 onto 
the data bus. Reading an output pin or acontrol pin puts 
the data in the output latch (not the control signal) onto 
the data bus. 


Interrupt Enable Register 


(5R) (5W = enable, 
6W = disable) 
Interrupts are enabled by writing to the Set Interrupts 
Register (5W). Interrupts are disabled by writing to the 
Reset Interrupts Register (6W). Each bit set by the Set 
Interrupts Register (5W) will enable that level interrupt, 
and each bit set in the Reset Interrupts Register (6W) 
will disable that level interrupt. The user can determine 
which interrupts are enabled by reading the Interrupt 
Enable Register (5R). 


Priority Source 
Highest LO Timer 1 
L1 Timer 2 or Port Interrupt 
L2 External Interrupt (EXTINT) 
L3 Timer 3 or Timers 3 & 5 


L4 Receiver Interrupt 

L5 Transmitter Interrupt 

L6 Timer 4 or Timers 2 & 4 
Lowest L7 Timer 5 or 


Port 2 Handshaking 


Port 2 


(07 | de | os | b4 | os | v2 [ot | bo | 


(9R) (QW) 


Writing to Port 2 sets the data in the Port 2 output latch. 
Writing to an input pin does not affect the pin, but it 
does store the data in the latch. Reading Port 2 puts the 
input pins onto the bus or the contents of the output 
latch for output pins. 
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Timer 1-5 


[07 os | os | p4 | os [oe | ot | bo 


(0A 4g-9E 46 R) (0A g-0E1¢ W) 


Reading Timer N puts the contents of the timer onto the 
data bus. If the counter changes while RD is low, the 
value on the data bus will not change. If two timers are 
cascaded, reading the high order byte will cause the low 
order byte to be latched. Reading the low order byte will 
unlatch them both. Writing to either timer or de- 
cascading them also clears the latch condition. Writing 
to a timer sets the starting value of that timer. If two 
timers are cascaded, writing to the high order byte 
presets the low order byte to all ones. Loading only the 
high order byte with a value of X leads to a count of 
X:256 + 255. Timers count down continuously. If the 
interrupt is enabled, it occurs when the counter changes 
from 1 to 0. When the interrupt is set in the Interrupt 
Register, interrupts are disabled in the Interrupt Mask 
Register. 


Status Register 


[nt [Rar] Tee [TRE] 8o | Pe [OE] FE 
(OF 16 R) 


FE — Framing Error, Transmission Mode 


If transmission mode is disabled (in Modification Regis- 
ter), then FE indicates a framing error. A framing error is 
detected during the first stop bit. The error is reset by 
reading the Status Register or by achip reset. A framing 
error does not inhibit the loading of the Receiver Buffer. 
lf RxD remains low, the receiver will assemble the next 
character. The false stop bit is treated as the next start 
bit, and no high-to-low transition on RxD is required to 
synchronize the receiver. 


If transmission mode is enabled, then this bit is used to 
suggest the transmitter was sending. FE will be high if 
the transmitter is active during the reception of the 
parity bit (or last data bit for no-parity). It is reset if the 
transmitter is not active or by a chip reset. The bit is 
intended to imply that the received character is from the 
transmitter in half-duplex systems. 


OE — Overrun Error 


If the user does not read the character in the Receiver 
Buffer before the next character is received and 
transferred to this register, then the OE bit is set. The 
OE flag is set during the reception of the first stop bit 
and is cleared when the Status Register is read or when 
a chip reset occurs. 


PE — Parity Error 


A parity error is set during the first stop bit and is reset 
by reading the Status Register or by a chip reset. 
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BD — Break Detect, Break-in Detect 


lf BRKI in Command Register 1 is set to enable break-in 
detect, then BD indicates a break-in condition. If Port 16 
is low during the transmission of the last stop bit, then 
BD will be set near the end of the last stop bit. Break-in 
detect can only be detected if the internal baud rate 
generator is used. Break-in remains set until the Status 
Register is read or the chip is reset. 


lf BRKI is low, then BD indicates a break condition on 
the receiver. BD is set when the first stop bit of a break 
is sampled and will remain set until the Status Register 
is read or the chip is reset. The receiver will remain idle 
until the next high-to-low transition on RxD. A detected 
break inhibits the loading of the Receiver Buffer. 


TRE — Transmitter Register Empty 


This status bit indicates that the Transmitter Register is 
busy. It is set by a chip reset and when the last stop bit 
has left the transmitter. It is reset when a character is 
loaded into the Transmitter Register. If CTS is low, the 
Transmitter Register will be loaded during the trans- 
mission of the start bit. If CTS is high at the end of a 
character, TRE will remain high and no character will be 
loaded into the Transmitter Register until CTS goes low. 
If the transmitter was inactive before a character is 
loaded into the Transmitter Buffer, the Transmitter 
Register will be empty temporarily while the buffer is 
full. However, the data in the buffer will be transferred to 
the transmitter register immediately and TRE will be 
cleared while TBE is set. 


TBE — Transmitter Buffer Empty 


TBE indicates the Transmitter Buffer is empty and is 
ready to accept a character. TBE is set by achip reset or 
the transfer of data to the Transmitter Register and is 
cleared when a character is written to the transmitter 
buffer. 


RBF — Receiver Buffer Full 


RBF is set when the Receiver Buffer has been loaded 
with a new character during the sampling of the first 
stop bit. RBF is cleared by reading the receiver buffer or 
by a chip reset. 


INT — Interrupt Pending 


The INT bit reflects the state of the INT pin (pin 15) and 
indicates an interrupt is pending in the Interrupt 
Register. It is reset by INTA or by reading the Interrupt 
Address Register if only one interrupt is pending and by 
a Chip reset. 


FE, OE, PE, RBF, and break detect all generate a level 4 
interrupt when the receiver samples the first stop bit. 
TRE, TBE, and break-in detect generate a level 5 inter- 
rupt. TRE generates an interrupt when TBE is set and 
the Transmitter Register finishes transmitting. The 
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break-in detect interrupt is issued at the same time as of the bit (sample time = 16). The receiver sample time 
TBE or TRE. can be modified only if the receiver is not clocked by 
RxC. 
Modification Register 
Sample Time 
| o | RS4] RS3} RS2| RS1| RSO} TME| DSC| RS4 RS3  RS2 ~=s—-RS1_—s- RSO=0_- RSO=1 

(OF 16 W) 0 1 1 1 2 1 
0 1 1 0 4 3 
DSC — Disable Start Bit Check 0 : 0 - 6 5 
DSC disables the receiver’s start bit check. In this state 0 1 0 0 8 7 
the receiver will not be reset if RxD is not low at the 0 0 1 1 10 re) 
center of the start bit. This function is disabled by a chip 0 0 1 0 12 11 
reset. 0 0 0 1 14 13 
0 0 0 0 16 15 
TME — Transmission Mode Enable 1 1 1 1 18 17 
TME enables transmission mode and disables framing 1 1 1 0 20 19 
error detection. A chip reset disables transmission 1 1 0 1 22 21 
mode and enables framing error detection. 1 1 0 0 24 23 
1 0 1 1 26 25 
RSO, RS1, RS2, RS3, RS4 — Receiver Sample Time , 0 1 0 28 27 
The number in RSn alters when the receiver samples 1 0 0 1 30 29 
RxD. A chip reset sets this value to 0 which is the center 1 0 0 0 32 31 
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PROGRAMMABLE FLOPPY DISK CONTROLLER 


= IBM 3740 Soft Sectored Format Compatible a Internal CRC Generation and Checking 


a Programmable Record Lengths = Programmable Step Rate, Settle-Time, Head 


Load Time, Head Unload Index Count 
we Multi-Sector Capability 


-ROTM _RETM 
= Maintain Dual Drives with Minimum Software = Fully MCS-G0"" and. MCS-66'" Compatible 
Overhead Expandable to 4 Drives 
# Single +5V Supply 
a Automatic Read/Write Head Positioning and 


Verification = 40-Pin Package 


The Intel® 8271 Programmable Floppy Disk Controller (FDC) is an LSI component designed to interface one to 4 floppy 
disk drives to an 8-bit microcomputer system. Its powerful control functions minimize both hardware and software 
overhead normally associated with floppy disk controllers. 


REGISTERS 


STATUS REG. | COMMAND REG. 
RESULT REG. | PARAMETER REG. 


RESET 
FAULT RESET/OPO 1 Vcc 
WR DATA SELECTO [J 2 LOW CURRENT 
NSYNC 
pata B08 — 4MHzCLK []3 LOAD HEAD 
BUFFER INTERFACE RESET [4 DIRECTION 
eperaneee READY 1 (15 SEEK/STEP 
D RD DATA 
6 DATA WINDOW SELECT 1 6 WR ENBLE 
pack [}7 INDEX 
BRO PLO/SS 
SACK / DRO 8 WR PROTECT 
a Ro C9 READY 0 
wR TRKO 
_ Q READY 0 INT COUNT/OPI 
RD D READY 1 
READY 1 DBO WR DATA 
ah muy E TRACK 0 
«= succeed e COUNT/OPI DBI FAULT 
v INDEX DB2 UNSEP DATA 
© WR PROTECT 
1 @ FAULT DB3 DATA WINDOW 
DRIVE 
0 (TERFAGE DB4 PLO/SS 
CONTROLLER DBS5 cs 
RESET SELECT 0 
SELECT 1 DBE [] INSYNC 
WR ENABLE DB7 (J Ay 
_ OUTPUT LOAD HEAD 
cs a BUFFER SEEK/STEP al Ao 
DIRECTION 


INTERNAL 
DATA BUS 


CPU INTERFACE 


LOW CURRENT 
FAULT RESET/OPO 


DISK INTERFACE 


Figure 1. Block Diagram 


8-115 


Figure 2. Pin Configuration 
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Table 1. Pin Description 


clock =f 3 | 1 | Clock: A square wave clock. 


Reset: A high signal on the 
reset input forces the 8271 to 
an idle state. The 8271 re- 
mains idle until a command is 
issued by the CPU. The out- 
put signals of the drive inter- 
face are forced inactive 
(LOW). Reset must be active 
for 10 or more clock cycles. 


Chip Select: The I/O Read 
and 1/O Write inputs are 
enabled by the chip select 
signal. 


Data Bus: The Data Bus lines 
are bidirectional, three-state 
lines (8080 data bus com- 
patible). 


DB,-DBy 


Write: The Write signal is 
used to signal the control 
logic that a transfer of data 
from the data bus to the 8271 
is required. 


Read: The Read signal is 
used to signal the control 
logic that a transfer of data 
from the 8271 to the data bus 
is required. 


Interrupt: The interrupt sig- 
nal indicates that the 8271 
requires service. 


Address Line: These two 
lines are CPU Interface Reg- 
ister select lines. 


Data Request: The DMA 
request signal is used to re- 
quest a transfer of data be- 
tween the 8271 and memory. 


Data Acknowledge: The 
DMA acknowledge signal 
notifies the 8271 that a DMA 
cycle has been granted. For 
non-DMaA transfers, this sig- 
nal should be driven in the 
manner of a “Chip Select.”’ 


Selected Drive: These lines 
are used to specify the 
selected drive. These lines 
are set by the command byte. 


Select 1- 
Select 0 
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Fault Reset/ Fault Reset: The optional 
OPO fault reset output line is used 
to reset an error condition 
which is latched by the drive. 
If this line is not used for a 
fault reset it can be used as 
an optional output line. This 
line is set with the write spe- 
cial register command. 
Write Enable Write Enable: This signal 
Cauaa ae enables the drive write logic. 


_ il a 
ae 
— aa 


prom ee 


7 il 


Write Protect ci 
_ wi 
m= ey 


Seek/Step: This multi- 
function line is used during 
drive seeks. 


Direction: The direction line 
specifies the seek direction. 
A high level on this pin steps 
the R/W head toward the 
spindle (step-in), a low level 
steps the head away from the 
spindle (step-out). 


Load Head: The load head 
line causes the drive to load 
the Read/Write head against 
the diskette. 


Low Current: This line 
notifies the drive that track 43 
or greater is selected. 


Ready 1, Ready 1: These two lines in- 
Ready 0 dicate that the specified drive 


is ready. 


Fault: This line is used by the 
drive to specify a file unsafe 
condition. 


Count/OPI: If the optional 
seek/direction/count seek 
mode is selected, the count 
pin receives pulses to step 
the R/W head to the desired 
track. Otherwise, this line can 
be used as an optional input. 


Write Protect: This signal 
specifies that the diskette in- 
serted is write protected. 


Track Zero: This signal indi- 
cates when the R/W head is 
positioned over track zero. 


Index: The index signal gives 
an indication of the relative 
position of the diskette. 
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Table 1. Pin Description (Continued) 


Mant 


- aa 


Name and Function 


Phase-Locked Oscillator/ 
Single Shot: This pin is used 
to specify the type of data 
separator used. 


Write Data 


Write Data: Composite write 
data. 


Unseparated Data: This 
input is the unseparated data 
and clocks. 


Unseparated | 27 
Data 
Data Window aa 


i ia 


FUNCTIONAL DESCRIPTION 


Data Window: This is a data 
window established by a 
single-shot or phase-locked 
oscillator data separator. 


Input Synchronization: This 
line is high when 8271 has at- 
tained input data synchroni- 
zation, by detecting 2 bytes of 
zeros followed by an ex- 
pected Address Mark. It will 
stay high until the end of the 
ID or data field. 


General 


The 8271 Floppy Disk Controller (FDC) interfaces either 
two single or one dual floppy drive to an eight bit 
microprocessor and is fully compatible with Intel's 
new high performance MCS-85 microcomputer system. 
With minimum external circuitry, this innovative controller 
supports most standard, commonly-available flexible disk 
drives including the mini-floppy. 


The 8271 FDC supports a comprehensive soft sectored 
format which is IBM 3740 compatible and includes 
provision for the designating and handling of bad tracks. It 
is a high level controller that relieves the CPU (and user) of 
many of the control tasks associated with implementing a 
floppy disk interface. The FDC supports a variety of high 
level instructions which allow the user to store and retrieve 
data on a floppy disk without dealing with the low level 
details of disk operation. 


In addition to the standard read/write commands, a scan 
command is supported. The scan command allows the 
user program to specify a data pattern and instructs the 
FDC to search for that pattern on a track. Any application 
that is required to search the disk for information (such as 
point of sale price lookup, disk directory search, etc.), may 
use the scan command to reduce the CPU overhead. Once 
the scan operation is initiated, no CPU intervention is 
required. 
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CPU Interface Description 


This interface minimizes CPU involvement by supporting 
a set of high level commands and both DMA and non-DMA 
type data transfers and by providing hierarchical status 
information regarding the result of command execution. 


The CPU utilizes the control interface (see the Block 
diagram) to specify the FDC commands and to determine 
the result of an executed command. This interface is 
supported by five Registers which are addressed by the 
CPU via the A1, Ao, RD and WR signals. If an 8080 based 
system is used, the RD and WR signals can be driven by 
the 8228’s I/OR and I/OW signals. The registers are 
defined as follows: 


Command Register 


The CPU loads an appropriate command into the 
Command Register which has the following format: 


Ai Ao D7 Dg Ds Dag D3 Dz Dy Do 


COMMAND OPCODE 
SURFACE/DRIVE 
(SELECT 0, 1) 


Parameter Register 


Accepts parameters of commands that require further 
description; up to five parameters may be required, 
example: 


Ai Ao D7 Dg Ds D4 D3 Do Di Do 


as EXPECTED PARAMETER 


Result Register 


The Result Register is used to supply the outcome of FDC 
command execution (such as a good/bad completion) to 
the CPU. The standard Result byte format is: 


Ai Ago D7 Dg Ds Da D3 D2 Dy Do 


NOT USED = 0 
COMPLETION CODE 
COMPLETION TYPE 
DELETED DATA FOUND 


z 


NOT USED = 00 
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REGISTERS 


STATUS REG.| COMMAND REG. 
RESULT REG.| PARAMETER REG. 
TEST MODE 


WR DATA 


SERIAL 
INTERFACE 
CONTROLLER 
RD DATA 


DATA WINDOW 


PLO/SS 


READY 0 
READY 1 
TRACK 0 
COUNT/OPI 
INDEX 

WR PROTECT 
FAULT 


OD 
INPUT 
BUFFER [ 


DRIVE 
INTERFACE 
CONTROLLER 
SELECT O 
SELECT 1 


WR ENABLE 
OUTPUT LOAD HEAD 
BUFFER SEEK/STEP 


DIRECTION 

INTERNAL LOW CURRENT 

DATA BUS FAULT RESET/ 
OPO 


CPU INTERFACE DISK INTERFACE 


Figure 3. 8271 Block Diagram Showing CPU 
Interface Functions 


Status Register 
Reflects the state of the FDC. 


Ai Ao D7 Deg D5 Dg D3 D2 Di Do 


| 1 = NON-DMA DATA REQUEST 


1 = INTERRUPT REQUEST 

1 = RESULT REGISTER FULL 

1 = PARAMETER REGISTER FULL 
1 = COMMAND REGISTER FULL 


1 = COMMAND BUSY 


Reset Register 


Allows the 8271 to be reset by the program. Reset must 
be active for 11 or more chip clocks. 


INT (Interrupt Line) 


Another element of the control interface is the Interrupt 
line (INT). This line is used to signal the CPU that an FDC 
operation has been completed. It remains active until the 
result register is read. 


DMA Operation 


The 8271 can transfer data in either DMA or non DMA 
mode. The data transfer rate of a floppy disk drive is high 
enough (one byte every 32 usec) to justify DMA transfer. 
In OMA mode the elements of the DMA interface are: 
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DRQ: DMA Request: 
The DMA request signal is used to request a transfer of 
data between the 8271 and memory. 


DACK: DMA Acknowledge: 
The DMA acknowledge signal notifies the 8271 thata DMA 
cycle has been granted. 


RD, WR: Read, Write 
The read and write signals are used to specify the 
direction of the data transfer. 


DMA transfers require the use of aDMA controller such as 
the Intel°8257. The function of the DMA controller is to 
provide sequential addresses and timing for the transfer 
at a starting address determined by the CPU. Counting of 
data block lengths is performed by the FDC. 


To request a DMA transfer, the FDC raises DRQ. DACK 
and RD enable DMA data onto the bus (independently of 
CHIP SELECT). DACK and WR transfer DMA data to the 
FDC. If a data transfer request (read or write) is not 
serviced within 31 usec, the command is cancelled, a late 
DMA status is set, and an interrupt is generated. In DMA 
mode, an interrupt is generated at the completion of the 
data block transfer. 


When configured to transfer data in non-DMA mode, the 
CPU must pass data to the FDC in response to the non- 
DMA data requests indicated by the status word. The 
data is passed to and from the chip by asserting the 
DACK and the RD or WR signals. Chip select should be 
inactive (HIGH). 


REGISTERS 


STATUS REG. | COMMAND REG. 
ESULT REG. | PARAMETER REG. 
RESET 


WR DATA 


DATA BUS SERIAL INSYNC 
BUFFER INTERFACE | 
CONTROLLER 


UNSEP DATA 


DATA WINDOW 


PLO/SS 


READY 0 
READY 1 
TRACK 0 
COUNT/OP! 
INDEX 

WR PROTECT 
FAULT 


“f-> SELECTO 
SELECT 1 
WR ENABLE 
LOAD HEAD 
SEEK/STEP 
EEE REN : DIRECTION 
INTERNAL Se : a LOW CURRENT 
DATA BUS coe # = FAULT 


RESET/OPO 


CPU INTERFACE DISK INTERFACE 


Figure 4. 8271 Block Diagram Showing Disk Interface 
Functions 


AFN-00223B 


intel 


8271/8271-6 


Disk Drive Interface 

The 8271 disk drive interface supports the high level 
command structure described in the Command Descrip- 
tion section. The 8271 maintains the location of bad tracks 
and the current track location for two drives. However, 
with minor software support, this interface can support 
four drives by expanding the two drive select lines (select 
0, select 1) with the addition of minimal support hardware. 


The FDC Disk Drive Interface has the following major 
functions. 

READ FUNCTIONS 

Utilize the user supplied data window to obtain the clock 
and data patterns from the unseparated read data. 
Establish byte synchronization. 

Compute and verify the ID and data field CRCs. 


WRITE FUNCTIONS 

Encode composite write data. 

Compute the ID and data field CRCs and append them to 
their respective fields. 

CONTROL FUNCTIONS 


Generate the programmed step rate, head load time, head 
settling time, head unload delay, and monitor drive 
functions. 


DATA 
SEPARATOR 


DATA WINDOW 
UNSEPARATED DATA 


WRITE DATA 
WRITE ENABLE 
SEEK/STEP 
Poe 
DIRECTION 
Poe 
LOAD HEAD 
or 
TRACK 0 


WRITE PROTECT 


> 
- LOW CURRENT 
> 


OUNT/OPI 
SELECT 0 
[>< : 
SELECT 1 
EADY 0 


NOTE: INPUTS TO CHIP MAY REQUIRE RECEIVERS 
(AT LEAST PULL UP/DOWN PAIRS). 


Figure 5. 8271 Disk Drive Interface 
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Data Separation 


The 8271 needs only a data window to separate the data 
from the composite read data as well as to detect missing 
clocks in the Address Marks. 


The window generation logic may be implemented using 
either a single-shot separator ora phase-locked oscillator. 


Single-Shot Separator 


The single-shot separator approach is the lowest cost 
solution. 


The FDC samples the value of Data Window on the leading 
edge of Unseparated Data and determines whether the 
delay from the previous pulse was a half or full bit-cell 
(high input = full bit-cell, low input = half bit-cell). 
PLO/SS should be tied to Ground. 


Insync Pin 


This pin gives an indication of whether the 8271 is 
synchronized with the serial data stream during read 
operations. This pin can be used with a phase-locked 
oscillator for soft and hard locking. 


FOUND SYNC & ID MARK 


READ ID FIELD BUT 
TRACK OR SECTOR FOUND SYNC & 1D MARK 


INCORRECT iD FIELD CORRECT 


/ 


FOUND SYNC & DATA MARK 
READ DATA SECTOR 


FOUND SYNC & DATA MARK 
NOT AN ID MARK 
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DATA WINDOW 


RETRIGGERABLE 


UNSEPARATED 
DATA 


SINGLE-SHOT 
2.85us WINDOW * 


8271 FDC 


PLO/SS 


*FOR MINI-FLOPPY DATA WINDOW = 5.7usec 


Figure 6. Single-Shot Data Separator Block Diagram 


UNSEPARATED 
DATA 


DATA 
WINDOW 


tps= 100ns 


tpH=Ons 


Figure 7. Single-Shot Data Window Timing 


Phase-Locked Oscillator Separator 


The FDC samples the value of Data Window on the leading 
edge of Unseparated Data and determines whether the 
pulse represents a Clock or Data Pulse. 


PLO/SS should be tied to Vcc (+5V). 


UNSEPARATED 
DATA 


Insync may be used to provide soft and hard locking 
control for the phase-locked oscillator. 


DATA WINDOW 


8271 FDC 


PLO/SS 


IN SYNC* 
“OPTIONAL 


Figure 8. PLO Data Separator Block Diagram 
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UNSEPARATED 
DATA 


*DATA 
WINDOW 


tps250ns 


*DATA WINDOW MAY BE 180° OUT OF PHASE IN PLO DATA SEPARATION MODE. 


Figure 9. PLO Data Window Timing 


Disk Drive Control Interface 


The disk drive control interface performs the high level 
and programmable flexible disk drive operations. It 
custom tailors many varied drive performance parameters 
such as the step rate, settling time, head load time, and 
head unload index count. The following is the description 
of the control interface. 


Write Enable 


The Write Enable controls the read and write functions of a 
flexible disk drive. When Write Enable is a logical one, it 
enables the drive write electronics to pass current through 
the Read/Write head. When Write Enable is a logical zero, 
the drive Write circuitry is disabled and the Read/Write 
head detects the magnetic flux transitions recorded ona 
diskette. The write current turn-on is as follows. 


WRITE DATA | | 


—|_ | twe 


WRITE ENABLE 


twee 


TUs< twe< 3us 


Figure 10. Write Enable Timing 
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Seek Control 


Seek Control is accomplished by Seek/Step, Direction, 
and Count pins and can be implemented two ways to 
provide maximum flexibility in the subsystem design. One 
instance is when the programmed step rate is not equal to 
zero. In this case, the 8271 uses the Seek/Step and 
Direction pins (the Seek/Step pin becomes a Step pin). 
Programmable Step timing parameters are shown. 


Another instance is when the programmable step rate is 
equal to zero, in which case the 8271 holds the seek line 
high until the appropriate number of user-supplied step 
pulses have been counted on the count input pin. 


DIRECTION 


me 
a 


SEEK/STEP 


The Direction pin is a control level indicating the direction 
in which the R/W head is stepped. A logic high level on this 
line moves the head toward the spindle (step-in). A logic 
low level moves the head away from the spindle (step-out). 


tps=tps=tsp = 10us 


STANDARD: 1ms< tg < 255ms 


MINI-FLOPPY: 2ms < t, < 510ms 


Figure 11. Seek Timing 


DIRECTION 


_. tsp 


SEEK/STEP 


al ee tsc 


—» = 


por the 


tos=tsp =tcs=10us 


tsc > 1us 
tpc > 20us 
te? 1Ims 


LAST COUNT 


Figure 12. Seek/Step/Count Timing 
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Head Seek Settling Time 


The 8271 allows the head settling time to be programmed 
from 0 to 255ms, in increments of 1ms. 


The head settling time is defined as the interval of time 
from completion of the last step to the time when reading 
or writing on the diskette is possible (R/W Enable). The 
R/W head is assumed loaded. 


LAST STEP COMPLETE 


— 


SEEK OR LAST STEP 


WRITE/READ ENABLE | 


STANDARD: 0<*tgy<255ms 


*R/W HEAD IS ASSUMED LOADED. 
MINI-FLOPPY: 0 <*tsw< 510ms 


Figure 13. Head Load Settling Timing 


Load Head 


When active, load head output pin causes the drive’s 
read/write head to be loaded on the diskette. When the 
head is initially loaded, there is a programmed delay (0 to 
60ms in 4ms increments) prior to any read or write 
operation. Provision is also made to unload the head 
following an operation within a programmed number of 
diskette revolutions. 


LOAD HEAD | 


ioe — 
EARLIEST WRITE ENABLE as a 
OR INTERNAL READ DATA _— 


STANDARD: 0<t, yw <60ms 
MINI-FLOPPY: 0< tw < 120ms 


Figure 14. Head Load to Read/Write Timing 
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Index 


The Index input is used to determine “Sector not found” 
status and to initiate format track/read |ID commands and 
head unload Index and Count operations. 
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tp; > 0.5us 


Figure 15. Index Timing 


Track 0 


This input pin indicates that the diskette is at track 0. 
During any seek operation, the stepping out of the 
actuator ceases when the track 0 pin becomes active. 


Select 1, 0 


Only one drive may be selected at a time. The 
Input/Output pins that must be externally qualified with 
Select 0 and Select 1 are: 


Unseparated Data 
Data Window 

Write Enable 
Seek/Step 
Count/Optional Input 
Load Head 

Track 0 

Low Current 

Write Protect 

Write Fault 

Fault Reset/Optional Output 
Index 


When a new set of select bits is specified by anew com- 


mand or the FDC finishes the index count before head 
unload, the following pins will be set to the 0 state: 


Write Enable (35) 
Seek/Step (36) 
Direction (37) 

Load Head (38) 

Low Head Current (39) 


The select pins will be set to the state specified by the 
command or both are set to zero following the index 
count before head unload. 


Low Current 


This output pin is active whenever the physical track 
location of the selected drive is greater than 43. Generally 
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this signal is used to enable compensation for the lower 
velocities encountered while recording on the inner 
tracks. 


Write Protect 


The 8271 will not write to a disk when this input pin is 
active and will interrupt the CPU if a Write attempt is made. 
Operations which check Write Protect are aborted if the 
Write Protect line is active. 


This signal normally originates from a sensor which 
detects the presence or absence of the Write Protect 
hole in the diskette jacket. 


Write Fault and Write Fault Reset 


The Write Fault input is normally latched by the drive 
and indicates any condition which could endanger data 
integrity. The 8271 interrupts the CPU anytime Write 
Fault is detected during an operation and immediately 
resets the Write Enable, Seek/Step, Direction, and Low 
Current signals. The write fault condition can be cleared 
by using the write fault reset pin. If the drive being used 
does not support write fault, then this pin should be 
connected to Vcc through a pull-up resistor. 


Ready 1, 0 


These two pins indicate the functional status of the disk 
drives. Wnenever an operation is attempted on a drive 
which is not ready, an interrupt is generated. The inter- 
face continually monitors this input during an operation 
and if a Not Ready condition occurs, immediately ter- 
minates the operation. Note that the 8271 latches the 
Not Ready condition and it can only be reset by the exe- 
cution of a Read Drive Status command. For drives that 
do not support a ready signal, either one can be derived 
with a one shot and the index pulse, or the ready inputs 
can be grounded and Ready determined through some 
software means. 
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PRINCIPLES OF OPERATION 


As an 8080 peripheral device, the 8271 accepts commands 
from the CPU, executes them and provides a RESULT 
back to the 8080 CPU at the end of command execution. 
The communication with the CPU is established by the 
activation of CS and RD or WR. The Ai, Ao inputs select 
the appropriate registers on the chip: 


Read Status 
Write Command 
Read Result 
Write Parameter 
Write Reset Reg. 
Write Data 
Read Data 
Not Allowed 


dooneaunlll 
o++00000]9) 
xxx+0000/P 
xx xo s00|P: 
xo+ss0+0/8| 
x+000+0-+/§| 


The FDC operation is composed of the following 
sequence of events. 


8080 WRITES THE COMMAND AND PARAMETERS INTO 
THE 8271 COMMAND AND PARAMETER REGISTERS. 


COMMAND PHASE 
EXECUTION PHASE 
RESULT PHASE 


THE 8271 ISON ITS OWN TO CARRY OUT THE COMMANDS. 


THE 8271 SIGNALS THE CPU THAT THE EXECUTION HAS 
FINISHED. THE CPU MUST PERFORM A READ OPERATION 
OF ONE OR MORE OF THE REGISTERS TO DETERMINE 
THE OUTCOME OF THE OPERATION. 


READ FDC 
STATUS 
REGISTER 


COMMAND 
BUSY BIT SET 


INITIALIZE 
DMA CHANNEL 
(SEE FIGURE 19) 


WRITE FDC 
COMMAND 
REGISTER 


(MORE) 
PARAMETERS 
REQUIRED 


READ FDC 
STATUS 
REGISTER 


PARAMETER 
FULL BIT SET 
? 


WRITE FDC 
PARAMETER 
REGISTER 


ENTER 
EXECUTION 
PHASE 


Figure 16. Passing the Command and Parameters 
to the 8271 
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The Command Phase 


The software writes a command to the command register. 
As a function of the command issued, from zero to five 
parameters are written to the parameter register. Refer to 
diagram showing a flow chart of the command phase. 
Note that the flow chart shows that a command may not be 
issued if the FDC status register indicates that the device 
is busy. Issuing a command while another command is in 
progress is illegal. The flow chart also shows a parameter 
buffer full check. The FDC status indicates the state of the 
parameter buffer. If a parameter is issued while the 
parameter buffer is full, the previous parameter is over 
written and lost. 


STANDARD 
RESULT 
RETURNED 
? 


IMMEDIATE 
RESULT 
RETURNED 
? 


READ FDC 
STATUS 
REGISTER 


COMMAND 
BUSY BIT SET 
? 


ENTER 
RESULT 
PHASE 


NOTE: 


STANDARD RESULT RETURNED CAN BE 
DETERMINED BY MASKING OUT THE 
DRIVE SELECT BITS OF THE COMMAND 
BYTE (BITS 7 AND 6) AND CHECKING 
FOR A VALUE OF LESS THAN 2Ci¢ (IF 
LESS THAN 2Ci6, STANDARD RESULT 
IS RETURNED). 


IMMEDIATE RESULT RETURNED CAN 
BE DETERMINED BY ADDITIONALLY 
MASKING OUT BITS 5 AND 4 OF THE 
COMMAND BYTE AND CHECKING FOR 
A VALUE OF Cig OR GREATER (IF Cig 
OR GREATER, IMMEDIATE RESULT 
RETURNED). 


Figure 17. Checking for Result Type Following 8271 
Command and Parameters 


The Execution Phase 


During the execution phase the operation specified 
during the command phase is performed. During this 
phase, there is no CPU involvement if the system utilizes 
DMA for the data transfers. The execution phase of each 
command is discussed within the detailed command 
descriptions. The following table summarizes many of the 
basic execution phase characteristics. 
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EXECUTION PHASE BASIC CHARACTERISTICS 


The following table summarizes the various commands 
with corresponding execution phase characteristics. 
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Table 2. Execution Phase Basic Characteristics 


1 3 


Deleted 
COMMANDS Data 


SCAN DATA 

SCAN DATA AND 

DEL DATA 

WRITE DATA 

WRITE DEL DATA 

READ DATA 

READ DATA AND 

DEL DATA 

READ ID 

VERIFY DATA AND 

DEL DATA 

FORMAT TRACK X 
SEEK x 
READ DRIVE STATUS x 
SPECIFY x 
RESET Xx 
R SP REGISTERS x 
W SP REGISTERS X 


UNLOAD 


Write/ Seek 
Protect 


Ready 


4 6 8 


Completion 


Check Result Interrupt 


NO 
NO 
NO NO 
NO NO 
NO NO 
NO NO NOTE 6 
Xx NO NO NO 


Note: 1. "x" — DON'T CARE 2. “/" — check 3. “-" — No change 4. “y” — Check at end of operation 5. See “READ DRIVE STATUS” command. 


6. See “READ SPECIAL REGISTER” command. 


Explanation of the execution phase characteristics table. 
1. Deleted Data Processing 


If deleted data is encountered during an operation that 
is marked skip in the table, the deleted data record is 
not transferred into memory, but the record is counted. 
For example, if the command and parameters specify a 
read of five records and one of the records was written 
with a deleted data mark, four records are transferred 
to memory. The deleted data flag is set in the result 
byte. However, if the operation is marked transfer, all 
data is transferred to memory regardless of the type of 
data mark. 


2. Head 


The Head column in the table specifies whether the 
Read/Write head will be loaded or not. If the table 
specifies load, the head is loaded after it is positioned 
over the track. The head loaded by acommand remains 
loaded until the user specified number of index pulses 
have occurred. 


3. Ready 


The Ready column indicates if the ready line (Ready 
1, Ready 0) associated with the selected drive is 
checked. A not ready state is latched by the 8271 un- 
til the user executes a read status command. 
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4. Write Protect 
The operations that are marked check Write Protect are 


immediately aborted if Write Protect line is active at the 
beginning of an operation. 


5. Seek 


Many of the 8271 commands cause a seek to the 
desired track. A current track register is maintained for 
each drive or surface. 


6. Seek Check 


Operations that perform Seek Check verify that 
selected data in the ID field is correct before the 8271 
accesses the data field. 
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CPU INTERRUPT POLLED INTERRUPT 


START 


READ FDC 
STATUS 
REGISTER 


FDC 
INTERRUPT 
? 


INTERRUPT 
REQUEST BIT 
SET 


Figure 18. Getting the Result 


The Result Phase 


During the Result Phase, the FDC notifies the CPU of the 
outcome of the command execution. This phase may be 
initiated by: 


1. The successful completion of an operation. 
2. An error detected during an operation. 


PROGRAMMING 


Status Reg Command Reg 
Parameter Reg 


Reset Reg 


Result Reg 


STATUS REGISTER 


FDC Status 


COMMAND BUSY 
COMMAND REG FULL 
PARAMETER REG FULL 


NON-DMA MODE 
INTERRUPT REQ 
RESULT REG FULL 


Bit 7: Command Busy 


The command busy bit is set on writing to the command 
register. Whenever the FDC is busy processing a 
command, the command busy bit is set toa one. This bitis 
set to zero after the command is completed. 


Bit 6: Command Full 


The command full bit is set on writing to the command 
buffer and cleared when the FDC begins processing the 
command. 


Bit 5: Parameter Full 
This bit indicates the state of the parameter buffer. This bit 


is set when a parameter is written to the FDC and reset 
after the FDC has accepted the parameter. 
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Bit 4: Result Full 


This bit indicates the state of the result buffer. It is valid 
only after Command Busy bit is low. This bit is set when 
the FDC finishes a command and is reset after the result 
byte is read by the CPU. The data in the result buffer is 
valid only after the FDC has completed a command. 
Reading the result buffer while a command is in progress 
yields no useful information. 


Bit 3: Interrupt Request 


This bit reflects the state of the FDC INT pin. It is set 
when FDC requests attention as a result of the comple- 
tion of an operation or failure to complete an intended 
Operation. This bit is cleared by reading the result 
register. 


Bit 2: Non-DMA Data Request 


When the FDC is utilized without a DMA controller, this bit 
is used to indicate FDC data requests. Note that in the 
non-DMA mode, an interrupt is generated (interrupt 
request bit is set) with each data byte written to or read 
from the diskette. 


Bits 1 and 0: 
Not used (zero returned). 


After reading the Status Register, the CPU then reads the 
Result Register for more information. 


THE RESULT REGISTER 


This byte format facilitates the use of an address table 
to look up error routines and messages. The standard 
result byte format is: 


D7 Dg Ds Dg D3 D2 Di Do 


—_ NOT USED = 0 
COMPLETION CODE 
COMPLETION TYPE 
DELETED DATA FOUND 


NOT USED = 00 


Bits 7 and 6: 

Not used (zero returned). 

Bit 5: 

Deleted Data Found: This bit is set when deleted data is 
encountered during a transaction. 

Bits 4 and 3: Completion Type 


The completion type field provides general information 
regarding the outcome of an operation. 


The completion type field provides general information 
regarding the outcome of an operation. 


Completion 
Type Event 
00 Good Completion — No Error 
01 System Error — recoverable errors; 
10 operator intervention probably required 
for recovery. 
11 Command/Drive Error — either a program 


error or drive hardware failure. 
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Bits 2 and 1: Completion Code 


The completion code field provides more detailed 
information about the completion type (See Table). 


It is important to note the hierarchical structure of the 
result byte. In very simple systems where only a GO-NO 
GO result is required, the user may simply branch on a 
zero result (a zero result is a good completion). The next 


Completion Completion level of complexity is at the completion type interface. The 
Type Code Event completion type supplies enough information so that the 
00 00 Good Completion/ software may distinguish between fatal and non-fatal 
Scan Not Met errors. If a completion type 01 occurs, ten retries should 
00 01 Scan Met Equal be performed before the error is considered unre- 
00 10 Scan Met Not Equal coverable. 
00 11 oa 
01 00 Clock Error 
ds 01 Late DMA The Completion Type/Completion Code interface sup- 
a Les Ledesisedindecu plies the greatest detail about each type of completion. 
- “er pies tae This interface is used when detailed information about the 
10 01 Write Protect transaction completion is required. 
10 10 Track 0 Not Found 
10 14 Write Fault ; 
11 00 Sector Not Found Bit 0: 
11 01 —— Not used (zero returned). 
11 10 aoe 
11 11 —— 


Table 3. Completion Code Interpretation 


Definition Interpretation 


Successful Completion/ 
Scan Not Met 


Scan Met Equal 


Scan Met Not Equal 


Clock Error 


Late DMA 


ID Field CRC Error 


Data Field CRC Error 


Drive Not Ready 


Write Protect 


Track 00 Not Found 


Write Fault 


Sector Not Found 


The diskette operation specified was completed without error. If scan operation 
was specified, the pattern scanned was not found on the track addressed. 


The data pattern specified with the scan command was found on the track 
addressed with the specified comparison, and the equality was met. 


The data pattern specified with the scan command was found with the 
specified comparison on the track addressed, but the equality was not met. 


During a diskette read operation, aclock bit was missing (dropped). Note that this 
function is disabled when reading any of the ID address marks (which contain 
missing clock pulses). If this error occurs, the operation is terminated immedi- 
ately and an interrupt is generated. 


During either a diskette read or write operation, the data channel did not respond 
within the allotted time interval to prevent data from being overwritten or lost. This 
error immediately terminates the operation and generates an interrupt. 


The CRC word (two bytes) derived from the data read in an ID field did not match 
the CRC word written in the ID field when the track was formatted. If this error 
occurs, the associated diskette operation is prevented and no data is transferred. 


During a diskette read operation, the CRC word derived from the data field read 
did not match the data field CRC word previously written. If this error occurs, the 
data read from the sector should be considered invalid. 


The drive addressed was not ready. This indication is caused by any of the 
following conditions: 

1. Drive not powered up 

2. Diskette not loaded 

3. Non-existent drive addressed 

4. Drive went not ready during an operation 

Note that this completion code is cleared only through an FDC read drive 
status command. 


A diskette write operation was specified on a write protected diskette. The 
intended write operation is prevented and no data is written on the diskette. 


During a seek to track 00 operation, the drive failed to provide a track 00 
indication after being stepped 255 times. 


This error is dependent on the drive supported and indicates that the fault input to 
the FDC has been activated by the drive. 


Either the sector addressed could not be found within one complete revolution of 
the diskette (two index marks encountered) or the track address specified did not 
match the track address contained in the ID field. Note that when the track 
address specified and the track address read do not match, the FDC automatically 
increments its track address register (stepping the drive to the next track) and 
again compares the track addresses. If the track addresses still do not match, the 
track address register is incremented a second time and another comparison is 
made before the sector not found completion code is set. 
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INITIALIZATION 


Reset Command 
Ai Ao D7 Dg Ds Dg D3 Do D, Do 


PAR: 


PAR: 


Function: The Reset command emulates the action of 
the reset pin. It is issued by outputting a one followed 
by a zero to the Reset register. 


1. The drive control signals are forced low. 

2. An in-progress command is aborted. 

3. The FDC status register flags are cleared. 

4. The FDC enters an idle state until the next command is 
issued. 


Reset must be active for 10 or more clock cycles. 


SPECIFY COMMAND 


Many of the interface characteristics of the FDC are 
specified by the systems software. Prior to initiating any 
drive operation command, the software must execute 
the three specify commands. There are two types of 
specify commands selectable by the first parameter 
issued. 


First Parameter Specify Type 


ODH Initialization 
10H Load bad Tracks Surface ‘0’ 
18H Load bad Tracks Surface ‘1’ 


The Specify command is used prior to performing any 
diskette operation (including formatting of a diskette) to 
define the drive’s inherent operating characteristics and 
also is used following a formatting operation or 
installation of another diskette to define the locations of 
bad tracks. Since the Specify command only loads 
internal registers within the 8271 and does not involve an 
actual diskette operation, command processing is limited 
to only Command Phase. Note that once the operating 
characteristics and bad tracks have been specified for 
a given drive and diskette, redefining these values need 
only be done if a diskette with unique bad tracks is to be 
used or if the system is powered down. 


Initialization: 


[ef | aeemre 
Fo | 1 | HEAD SETTLING TIME* 


INDEX CNT BEFORE HEAD LOAD TIME* 
HEAD UNLOAD* 
*Note: Mini-floppy parameters are doubled. 


Parameter 0 — ODH = Select Specify Initialization. 
Parameter 1 — D7-Do = Step Rate (0-255ms in 1ms steps). 
Parameter 2 — D7-Do = Head Settling Time (0-255ms in 1 
ms steps). {0—510ms in 2ms steps} () = standard, 
+= mini 
Parameter 3 — D7-D4 = Index Count — Specifies the 
number of Revolutions (0-14) which are to occur before 
the FDC automatically unloads the R/W head. If 15 is 
specified, the head remains loaded. 
D3-Do = Head Load Time (0-60ms in steps of 4ms). 
{0-— 120ms in 8ms steps} () = standard, {}= mini 
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Load Bad Tracks 


3 Fo | 1 | BAD TRACK NO. 2 


Parameter 0: 10H =Load Su: face zero bad tracks 
18H = Load Surface one bad track 


Parameter 1: 
Bad track address number 1 (Physical Address). 


It is recommended to program both bad tracks and cur- 
rent track to FFy during initialization. 


SEEK COMMAND 


The seek command moves the head to the specitied track 
without loading the head or verifying the track. 


The seek operation uses the specified bad tracks to 
compute the physical track address. This feature insures 
that the seek operation positions the head over the correct 
track. 


When a seek to track zero is specified, the FDC steps 
the head until the track 00 signal is detected. 


If the track 00 signal is not detected within (FF)H steps, a 
track 0 not found error status is returned. 


A seek to track zero is used to position the read/write head 
when the current head position is unknown (such as after 
a power up). 


SEL SEL 
PAR: TRACK ADDRESS 0-255 


Seek operations are not verified. A subsequent read or 
write operation must be performed to determine if the 
correct track is located. 


READ DRIVE STATUS COMMAND 


This command is used to interrogate the drive status. 
Upon completion the result register will hold the final 
drive status. 


Ai Ao D7 Dg Ds D4 D3 D2 Di Do 
SEL SEL 
2 i 
egal Pai BIT INDICATES aaa iii — = hal 


D7 Dg Ds Da D3 D2 Dy 
nay |e wn | ROY | 


IF A DRIVE NOT READY RESULT IS RETURNED, THE READ STATUS MUST 
BE ISSUED TO CLEAR THE CONDITION. 


*Note the two ready bits are zero latching. Therefore, to clear the drive 
not ready condition, assuming the drive is ready, and to detect it via soft- 
ware, one must issue this command twice. 
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SET NON-DMA 
AND/OR 
SINGLE ACTUATOR 


SEEK TO 
TRACK 0 
ON DRIVE 0 


SPECIFY 
DRIVE 
CHARACTERISTICS 


SPECIFY 
BAD TRACKS 
DRIVE 0 


SPECIFY 
BAD TRACKS 
DRIVE 1 
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NON-DMA 


SEEK TO 
TRACK 0 
ON DRIVE 1 


———— 
WAIT FOR 
INTERRUPT 


2ND DRIVE 
PRESENT 


Figure 19. Initialization of the 8271 by the User 


Read/Write Special Registers 


This command is used to access special registers within 
the 8271. 


Ai Ao 


CMD: 


PAR: REGISTER ADDRESS 


D7 Dg Ds D4 D3 D2 Dy Do 
— _ COMMAND OPCODE 


Command code: 


3DH Read Special Register 
3AH Write Special Register 


For both commands, the first parameter is the register 
address; for Write commands a second parameter 
specifies data to be written. Only the Read Special 
Register command supplies a result. 


Table 4. Special Registers 


Register Address 
Description in Hex 


Scan Sector Number See Scan Description 
Scan MSB of Count See Scan Description 
Scan LSB of Count See Scan Description 
Surface 0 Current Track 
Surface 1 Current Track 


Mode Register See Mode Register 


Description 

See Drive Output 
Port Description 
See Drive Input 
Port Description 


Drive Control Output Port 


Drive Control Input Port 


Surface 0 Bad Track 1 
Surface 0 Bad Track 2 
Surface 1 Bad Track 1 
Surface 1 Bad Track 2 
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Mode Register Write Parameter Format 


= 0 DMA MODE, = 1 NON DMA 


= 0 DOUBLE, = 1 SINGLE ACTUATOR 


Bits 6 & 7 
Must be one. 


Bits 5-2 


(Not used). Must be set to zero. 


*Bit 1 

Double/Single Actuator: Selects single or double actuator 
mode. If the single actuator mode is selected, the FDC 
assumes that the physical track location of both disks is 
always the same. This mode facilitates control of a drive 
which has a single actuator mechanism to move two 
heads. 


*Bit 0 

Data Transfer Mode: This bit selects the data transfer 
mode. If this bit is a zero, the FDC operates in the DMA 
mode (DMA Request/ACk). If this bit is a one, the FDC 
operates in non-DMA mode. When the FDC is operating in 
DMA mode, interrupts are generated at the completion of 
commands. If the non-DMA mode is selected, the FDC 
generates an interrupt for every data byte transferred. 


*Bits 0 and 1 are initialized to zero. 
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Non-DMA Transfers in DMA Mode 


If the user desires, he may retain the use of interrupts 
generated upon command completions. This mode is 
accomplished by selecting the DMA capability, but 
using the DMA REQ/ACK pins as effective INT and CS 
signals, respectively. 


Drive Control Input Port 


Reading this port will give the CPU exactly the data that 
the FDC sees at the corresponding pins. Reading this 
port will update the drive not ready status, but will not 
clear the status. (See Read Drive Status Command for 
Bit locations.) 


Drive Control Output Port Format 
D, Dg Ds Dy D3 Dp Dy Do 


WRITE ENABLE 
SEEK/STEP 
DIRECTION 


LOAD HEAD 


LOW HEAD CURRENT 


WRITE FAULT RESET/ 
OPTIONAL OUTPUT 


SELECT 0 


SELECT 1 


Each of these signals correspond to the chip pin of the 
same name. On standard-sized drives with write fault 
detection logic, bit 5 is set to generate the write fault 
reset signal. This signal is used to clear a write fault 
indication within the drive. On mini-sized drives, this bit 
can be used to turn on or off the drive motor prior to initi- 
ating a drive operation. A time delay after turn on may be 
necessary for the drive to come up to speed. The regis- 
ter must be read prior to writing the register in order to 
save the states of the remaining bits. When the register 
is subsequently written to modify bit 5, the remaining 
bits must be restored to their previous states. 


IBM DISKETTE GENERAL FORMAT 
INFORMATION 


The IBM Flexible Diskette used for data storage and 
retrieval is organized into concentric circular paths or 
TRACKS. There are 77 tracks on either one or both sides 
(surfaces) of the diskette. On double-sided diskettes, the 
corresponding top and bottom tracks are referred to asa 
CYLINDER. Each track is further divided into fixed length 
sections or SECTORS. The number of sectors per track — 
26, 15 0r 8 — is determined when a track is formatted and is 
dependent on the sector length — 128, 256 or 512 bytes 
respectively — specified. 


All tracks on the diskette are referenced to a physical 
index mark (a small hole in the diskette). Each time the 
hole passes a photodetector cell (one revolution of the 
diskette), an Index pulse is generated to indicate the 
logical beginning of a track. This index pulse is used to 
initiate a track formatting operation. 
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Track Format 


Each Diskette Surface is divided into 77 tracks with each 
track divided into fixed length sectors. A sector can holda 
whole record or a part of a record. If the record is shorter 
than the sector length, the unused bytes are filled with 
binary zeros. If a record is longer than the sector length, 
the record is written over as many sectors as its length 
requires. The sector size that provides the most efficient 
use of diskette space can be chosen depending upon the 
record length required. 


Tracks are numbered from 00 (outer-most) to 76 (inner- 
most) and are used as follows: 

TRACK 00 reserved as System Label Track 

TRACKS 01 through 74 used for data 

TRACKS 75 and 76 used as alternates. 


Each sector consists of an ID field (which holds a unique 
address for the sector) and a data field. 


The ID field is seven bytes long and is written for each 
sector when the track is formatted. Each ID field consists 
of an ID field Address Mark, a Cylinder Number byte which 
identifies the track number, a Head Number byte which 
specifies the head used (top or bottom) to access the 
sector, a Record Number byte identifying the sector 
number (1 through 26 for 128 byte sectors), an N-byte 
specifying the byte length of the sector and two CRC 
(Cyclic Redundancy Check) bytes. 


The Gaps separating the index mark and the ID and data 
fields are written on a track when it is formatted. These 
gaps provide both an interval for switching the drive elec- 
tronics from reading or writing and compensation for rota- 
tional speed and other diskette-to-diskette and drive-to- 
drive manufacturing tolerances to ensure that data written 
on a diskette by one system can be read by another 
(diskette interchangeability). 


IBM Format Implementation Summary 


Track Format 


The disk has 77 tracks, numbered physically from 00 to 76, 
with track 00 being the outermost track. There are 
logically 75 data tracks and two alternate tracks. Any two 
tracks may be initialized as bad tracks. The data tracks are 
numbered logically in sequence from 00 to 74, skipping 
over bad tracks (alternate tracks replace bad tracks). 
Note: In IBM format track 00 cannot be a bad track. 


Sector Format 


Each track is divided into 26, 15, or 8 sectors of 128, 256, 
or 512 bytes length respectively. The first sector is 
numbered 01, and is physically the first sector after the 
physical index mark. The logical sequence of the 
remaining sectors may be nonsequential physically. The 
location of these is determined at initialization by CPU 
software. 

Each sector consists of an ID field and a data field. All 
fields are separated by gaps. The beginning of each field 
is indicated by 6 bytes of (00)H followed by a one byte 
address mark. 


Address Marks 


Address Marks are unique bit patterns one byte in length 
which are used to identify the beginning of ID and Data 
fields. Address Mark bytes are unique from all other data 
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~~ 


Index 


Gap 


~~ SS ee 
—e ne i ee 
FP ia SS a = = 
~ 
~ 
ia 
sy 


- _ 
_ —_ 
_ 


a 1D Field 


_ 


= ~~ 
Data Field Sas 


-_ — ~ 
- ~™ 
Last Sync Sync Sync ID 


Of @®® 


Index 
Detected 


Physical 


Cylinder 
Number Record 
Length 


© © ®@ 


AM2: Data: hex FB or F8 
FB = data field 

F 8 = control field 

(The control field can 
begin with a D or an F: 

D = deleted record 

F = defective record 
Clock: hex C7) 


Pre-index gap. 
Post-index gap. 


6 bytes of zeroes 


Hex 00 for 128 byte per sector format 


Hex 01 for 256 byte per sector format 
Hex 02 for 512 byte per sector for mat 


Hex 01 through 1A for 128 byte per sector format diskette 
Hex 01 through OF for 256 byte per sector format diskette 
Hex 01 through 08 for 512 byte per sector format diskette 


Hex 00 for one-sided diskettes and side 0 of two-sided diskettes 


Hex 01 for side 1 of two-sided diskettes 


Hex 00 through 4A (Decimal 1 through 74. Cylinders 75 and 76 


are used as alternate cylinders.) 


AM1: identifies ID field 
Data: hex FE 
Clock: hex C7 


Cyclic redundancy check. 
The check bytes are 
generated during a write 
operation. They are usad 
during a read operation 
to verify that data is 

read correctly. 


Post-ID gap. 


Post-data gap. 


Figure 20. Track Format 


bytes in that certain bit cells do not contain a clock bit (all 
other data bytes have clock bits in every bit cell.) There are 
four different types of Address Marks used. Each of these 
is used to identify different types of fields. 


Index Address Mark 
The Index Address Mark is located at the beginning of 


each track and is a fixed number of bytes in front of the 
first record. 


1D Address Mark 


The ID Address Mark byte is located at the beginning of 
each |D field on the diskette. 


Data Address Mark 


The Data Address Mark byte is located at the beginning of 
each non-deleted Data Field on the diskette. 


Deleted Data Address Mark 


The Deleted Data Address Mark byte is located at the 
beginning of each deleted Data Field on the diskette. 


Clock Data 
Address Mark Summary Pattern Pattern 


Index Address Mark D7 FC 
1D Address Mark C7 FE 
Data Address Mark C7 FB 
Deleted Data Address Mark C7 F8 
Bad Track ID Address Mark C7 FE 


8-132 


ID Field 


mame fee Le | ate fone 


= Cylinder (Track) Address, 00-74 

Head Address 

Record (Sector) Address, 01-26 

N = Record (Sector) Length, 00-02 

Note: Sector Length = 128 x 2" bytes 
CRC = 16 Bit CRC Character (See Below) 


C 
H 
R 


Data Field 


| MARK DATA CRC CRC 


Data is 128, 256, or 512 bytes long. 


Note: All marks, data, 1D characters and CRC 
characters are recorded and read most 
significant bit first. 


CRC Character 


The 16-bit CRC character is generated using the 
generator polynominal X16 + X12 + X5 + 1, normally 
initialized to (FF)H. It is generated from all characters 
(except the CRC in the ID or data field), including the data 
(not the clocks) in the address mark. It is recorded and 
read most significant bit first. 
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Data Format 
Data is written (general case) in the following manner: 


MISSING 
CLOCK CLOCK CLOCK CLOCK 


DATA “0” DATA “1” DATA “1” DATA “1” 


a 


Te = FULL BIT TIME = NOMINALLY 4zs* 
Ty = HALF BIT TIME = NOMINALLY 2us* 


*For Standard Drive. 


References 


“The IBM Diskette for Standard Data Interchange,” IBM 
Document GA21-9182-0. “System 32,’ Chapter 8, IBM 
Document GA21-9176-0. 


Bad Track Format 


The Bad Track Format is the same as the good track 
format except that the bad track ID field is initialized as 
follows: 


C=H=R=N=(FF)y 


When formatting, bad track registers should be set to 
FF, for the drive during the formatting, thus specifying 
no bad tracks. Thus, all tracks are left available for for- 
matting. 


The track following the bad track(s) should be one 
higher in number than track before the bad track(s). 


Upon completion of the format the bad tracks should be 
set up using the write special register command. The 
8271 will then generate an extra step pulse to cross the 
bad track, locating a new track that now happens to be 
an extra track out. 


Format Track 
Format Command 


Ay Ao D7 De Ds Dg D3 D2 D, Do 
‘foto [STS i+]ofo fof ada 
: 1 0 


TRACK ADDRESS 


PAR: [a] GAP 3 SIZE MINUS 6 


PAR: fe | a | RECORD LENGTH NO. OF SECTORS/TRACK 
PAR: lo | @ | GAP 5 SIZE MINUS 6 


The format command can be used to initialize a disk track 
compatible with the IBM 3740 format. A Shugart “IBM 
Type” mini-floppy format may also be generated. 


The Format command can be used to initialize a disk- 
ette, one track at a time. When format command is used, 
the program must supply ID fields for each sector on the 
track. During command execution, the supplied ID fields 
(track head sector addresses and the sector length) are 
written sequentially on the diskette. The ID address 
marks originate from the 8271 and are written auto- 
matically as the first byte of each ID field. The CRC char- 
acter is written in the last two bytes of the ID field and is 
derived from the data written in the first five bytes. Dur- 
ing the formatting operation, the data field of each sec- 
tor is filled with data pattern (E5),. The CRC, derived 
from the data pattern is also appended to the last byte. 
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1. The parameter 2 (D7— Ds) of the Format command specify 
record length, the bits are coded the same way as in the 
Read Data commands. 

2. The programmable gap sizes (gap 3, gap 5, and gap 1) must 
be programmed such that the 6 bytes of zero (sync) are sub- 
tracted from the intended gap size i.e., if gap 1 is intended 
to be 16 bytes long, programmed length must be 16 —-6= 10 
bytes (of FF,’s). 


Mini-Floppy Disk Format 


The mini-floppy disk format differs from the standard 
disk format in the following ways: 


1. Gap 5 and the Index Address mark have been elimi- 
nated. 


2. There are fewer sectors/tracks. 


GAPS 
The following is the gap size and description summary: 


Gap 1. Programmable 
Gap 2 17 Bytes 
Gap 3 Programmable 
Gap 4 Variable 
Gap 5 Programmable 


The last six bytes of gaps 1,2,3 and 5 are (OO)H, all other 
bytes in the gaps are (FF)H. The Gap 1,3 and 5 count 
specified by the user are the number of bytes of (FF)H. Gap 
4 is written until the leading edge of the index pulse. If a 
Gap 5 size of zero is specified, the Index Mark is not 
written. 


Gap 1: This gap separates the index ad- 

N bytes FF’s dress mark of the index pulse from 

6 bytes 0’s forsync the first ID mark. It is used to pro- 
tect the first ID field from a write on 
the last physical sector of the cur- 
rent track. 


Gap 2: This gap separates the ID field from 

11 bytes FF’s the data mark and field such that 

6 bytes 0’s forsync during a write only the data field 
will be changed even if the write 
gate turns on early, due to drive 
speed changes. 


Gap 3: This gap separates a data area from 

N bytes FF’s the next ID field. It is used so that 

6 bytes 0’s forsync during drive speed changes the 
next ID mark will not be overwritten, 
thus causing loss of data. 


Gap 4: This gap fills out the rest of the disk 

FF’s only and is used for slack during format- 
ting. During drive speed variations 
this gap will shrink or grow if the 
disk is re-formatted. 

Gap 5: This gap separates the last sector 

N bytes FF’s from the Index Address mark and 


6 bytes 0’s forsync is used to assure that the index ad- 
dress mark is not destroyed by 
writing on the last physical data 
sector on the track. 


The number of FF bytes is programmable for gaps 1, 3 
and 5. 
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[ WRITE GATE TURN-ON FOR UPDATE OF NEXT 


DATA FIELD. 


NOTE: THE WRITE GATE TURN-ON SHOULD BE TIMED 
TO WITHIN + = 1 BIT BY COUNTING THE BYTES 
IN THE GAP UNTIL 1 BYTE BEFORE THE 
TURN-ON. 
POST DATA FIELD GAP 


—_ WRITE GATE TURN-OFF FROM UPDATE OF PREVIOUS DATA FIELD. 


NOTE: IBM FORMAT REQUIRES AT LEAST 2 BINARY “1” BITS AS A DATA FIELD POSTAMBLE. 


FINAL GAP 


INITIAL GAP 


Figure 21. Track Format 
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PRE- POST POSTID POST post ID POST ID 
INDEX spies INDEX | SECTOR | Fieip SECTOR 1 paola —_— ELD SECTOR 2 bara = OR | FIELD 
GAP GAP DATA FIELD DATA FIELD “ GAP 

(aaps) | MARK | apt) | IDFIELD| apa Cory | FIELD " ned ‘ 7 ‘on ) | PFIELO! (gap 2) 


n BYTES 6 BYTES 11 BYTES 6 BYTES 


U U 
" CRC CRC TRACK | HEAD | SECTOR] SECTOR | CRC CRC 
ATAnK’ | 120 ™ 2" USER DTA BYTES BYTE1 | BYTE2 jo enke® | ADDRESS| ADDRESS | ADDRESS| LENGTH | BYTE1 | BYTE 2 


BYTE 1 BYTE 2 BYTE 3 BYTE 4 BYTE 5 BYTE 6 BYTE 7 


(TYPICAL) 


NUMBER OF BYTES 


NUMBER | GAP2 GAP 5 
40 6 


“Program Specified 5208 Bytes Per Track 


Figure 22. Standard Diskette Track Format 


PHYSICAL 


POST OST ID POST POST ID POST POST ID LAST 
SECTOR DATA | SECTOR SECTOR 
my 1 "FELD SECTOR 1 FIELD 2 FIELD SECTOR 2 FIELD 3 FIELD SECTOR 
GA ID FIELD DATA FIELD GAP Io FieLo | , GAP DATA FIELD GAP | ipwFietp| SAP DATA 
(GAP 1) gee 2) (GAP 3) (GAP 2) (GAP 3) (GAP 2) FIELD 


LL 
SYNC EA SYNC 
(HEX 00)  mexrr | SG, | 00) (HEX 00) 


16 BYTES 6 BYTES 11 BYTES 6 BYTES n BYTES 6 BYTES 


(TYPICAL) ‘aeons 


1p TRACK | HEAD | SECTOR | sEcToR | cRC DAT. . 
ADD: ADDRESS | ADDRESS | ADDRESS] LENGTH | BYTE’ | BYTE 2 AgHESS TAR Na USER DATA BYTES BYTE’ | BYTE2 


BYTE 1 BYTE 2 BYTE 3 BYTE 4 BYTES BYTE 6 BYTE 7 


NUMBER OF BYTES 


NUMBER 
OF SECTORS 


*Program Specified 3125 Bytes Per Track 


Figure 23. Mini-Diskette Track Format 
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MODE SET 
REGISTER 


TC STOP AND 
DMA ENABLE BITS 


SET: | WRITE DMAC 
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SCAN 
OPERATION 
? 


MODE SET AUTO LOAD AND 


WRITE DMAC SET: 
REGISTER DMA ENABLE BITS 


WRITE DMAC 
CONTROL 
REGISTER 


WRITE DMAC 
STARTING MEMORY 
ADDRESS REGISTER 


Figure 24. User DMA Channel Initialization Flowchart 


Read ID Command 


A Ap Bb Op ' DB OO & BB DB Dy 
SEL | SEL : 
1 0 
TRACK ADDRESS 


CMD: 


PAR: 


PAR: 


NUMBER OF ID FIELDS 


PAR: 


The Read ID command transfers the specified number of 
ID fields into memory (beginning with the first ID field after 
Index). The CRC character is checked but not transferred. 


These fields are entered into memory in the order in 
which they are physically located on the disk, with the 
first field being the one starting at the index pulse. 


Data Processing Commands 


All the routine Read/Write commands examine specific 
drive status lines before beginning execution, perform 
an implicit seek to the track address and load the drive’s 
read/write head. Regardless of the type of command 
(i.e., read, write or verify), the 8271 first reads the ID 
field(s) to verify that the correct track has been located 
(see sector not found completion code) and also to 
locate the addressed sector. When a transfer is com- 
plete (or cannot be completed), the 8271 sets the inter- 
rupt request bit in the status register and provides an in- 
dication of the outcome of the operation in the result 
register. 


If a CRC error is detected during a multisector transfer, 
processing is terminated with the sector in error. The 
address of the failing sector number can be determined by 
examining the Scan Sector Number register using the 
Read Special Register command. 
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Full power of the multisector read/write commands can be 
realized by doing DMA transfer using Intel® 8257 DMA 
Controller, For example, in a 128 byte per sector 
multisector write command, the entire data block 
(containing 128 bytes times the number of sectors) can be 
located in a disk memory buffer. Upon completion of the 
command phase, the 8271 begins execution by accessing 
the desired track, verifying the ID field, and locating the 
data field of the first record to be written. The 8271 then 
DMA-accesses the first sector and starts counting and 
writing one byte at a time until all 128 bytes are written. It 
then locates the data field of the next sector and repeats 
the procedure until all the specified sectors have been 
written. Upon completion of the execution phase the 8271 
enters into the result phase and interrupts the CPU for 
availability of status and completion results. Note that all 
read/write commands, single or multisector are executed 
without CPU intervention. 


Note, execution of multi-sector operations are faster if 
the sectors are not interleaved. 


128 Byte Single Record Format 


Commands Opcode 
READ DATA 12 
READ DATA AND DELETED DATA 16 
WRITE DATA OA 
WRITE DELETED DATA OE 
VERIFY DATA AND DELETED DATA 1E 
AFN-00223B 
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NO.OF SECTORS 


D7-Ds of Parameter 2 determine the length of the disk 
record. 


000 128 Bytes 

001 256 Bytes 

010 512 Bytes 

011 1024 Bytes 

100 2048 Bytes 

101 4096 Bytes 

110 8192 Bytes 

111 16,384 Bytes 

Commands Opcode 
READ DATA 13 
READ DATA AND DELETED DATA 17 
WRITE DATA 0B 
WRITE DELETED DATA OF 
VERIFY DATA AND DELETED DATA 1F 
SCAN DATA 00 
SCAN DATA AND DELETED DATA 04 


Read Commands 
Read Data, Read Data and Deleted Data. 


Function 


The read command transfers data from a specified disk 
record or group of records to memory. The operation of 
this command is outlined in execution phase table. 


Write Commands 
Write Data, Write Deleted Data. 


Function 


The write command transfers data from memory to a 
specified disk record or group of records. 


Verify Command 
Verify Data and Deleted Data. 


Function 


The verify command is identical to the read data and 
deleted data command except that the data is not 
transferred to memory. This command is used to check 
that a record or a group of records has been written 
correctly by verifying the CRC character. 
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Scan Commands 


Ay Ao D7 Dg Ds Da D3 Do Dy Do 
. rw ey S.DATA 
. S.DELD 
rate TRACK ADDR 0-255 
fo | 1 SECTOR 0-255 
: | oo | 1 SUENGTH NO. OF SECTORS 
exe SCAN TYPE STEP SIZE 
Fo | 1 | FIELD LENGTH (KEY) 


= 0 Scan Data 
1 Scan Data and Deleted Data 


Command Dp» 
D2 


Scan Commands, Scan Data and Scan Data and Deleted 
Data, are used to search a specific data pattern or “key” 
from memory. The 8271 FDC operation during a scan is 
unique in that data is read from memory and from the 
diskette simultaneously. 


During the scan operation, the key is compared 
repetitively (using the 8257 DMA Controller in auto load 
mode) with the data read from the diskette (e.g., an eight 
byte key would be compared with the first eight bytes (1-8) 
read from the diskette, the second eight bytes (9-16), the 
third eight bytes (17-24), etc.). The scan operation is 
concluded when the key is located or when the specified 
number of sectors have been searched without locating 
the key. When concluded, the 8271 FDC requests an 
interrupt. The program must then read the result register 
to determine if the scan was successful (if the key was 
located). If successful, several of the FDC’s special 
registers can be examined (read special registers 
command) to determine more specific information 
relating to the scan (i.e., the sector number in which the 
key was located, and the number of bytes within the sector 
that were not compared when the key was located). 


The 8271 does not do a sliding scan, it does a fixed 
block linear search. This means the key in memory is 
compared to an equal length block in a sector; when 
these blocks meet the scan conditions the scan will 
stop. Otherwise, the scan continues until all the sectors 
specified have been searched. 


The following factors regarding key length must be 
considered when establishing a key in memory. 


1. When searching multiple sectors, the length of the key 
must be evenly divisible into the sector length to 
prevent the key from being split at subsequent sector 
boundaries. Since the character FFH is not compared, 
the key in memory can be padded to the required length 
using this character. For example, if the actual pattern 
compared on the diskette is twelve characters in length, 
the field length should be sixteen and four bytes of FFy 
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would be appended to the key. Consequently, the last 
block of sixteen bytes compared within the first sec- 
tor would end at the sector boundary and the first 
byte of the next sector would be compared with the 
first byte of the key. Splitting data over sector bound- 
arys will not work properly since the FDC expects the 
start of key at each sector boundary. 


2. Since the first byte of the key is compared with the first 
byte of the sector, when the pattern does not begin with 
the first byte of the sector, the key must be offset using 
the character FFi6. For example, if the first byte of a 
nine byte pattern begins on the fifth byte of the sector, 
four bytes of FF16 are prefixed to the key (and three 
bytes of FF1e6 are appended to the key to meet the 
length requirement) so that the first actual comparison 
begins on the fifth byte. 


The Scan Commands require five parameters: 


Parameter 0, Track Address 


Specifies the track number containing the sectors to be 
scanned. Legal values range from 00, to 4C,, (0 to 76) for 
a standard diskette and from 00,, to 22,, (0 to 34) fora 
mini-sized diskette. 


Parameter 1, Sector Address 


Specifies the first sector to be scanned. The number of 
sectors scanned is specified in parameter 2, and the order 
in which sectors are scanned is specified in parameter 3. 


Parameter 2, Sector Length/Number of Sectors 


The sector length field (bits 7-5) specifies the number of 
data bytes allocated to each sector (see parameter 2, 
routine read and write commands for field interpretation). 
The number of sectors field (bits 4-0) specifies the number 
of sectors to be scanned. The number specified ranges 
from one sector to the physical number of sectors on the 
track. 


Parameter 3 


D7-De: Indicate scan type 
00-EQ Scan for each character within the field 
length (key) equal to the corresponding char- 
acter within the disk sector. The scan stops 
after the first equal condition is met. 
01-GEQ Scan for each character within the disk sec- 


tor greater than or equal to the correspond- 
ing character within the field length (key). 
The scan stops after the first greater than or 
equal condition is met. 
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10-LEQ Scan for each character within the disk sec- 
tor less than or equal to the corresponding 
character within the field length (key). The 
scan stops after the first less than or equal 
condition is met. 


Ds-Do: Step Size: The Step Size field specifies the 
offset to the next sector in a multisector 
scan. In this case, the next sector address is 
generated by adding the Step Size to the 


current sector address. 


Parameter 4, Field Length 


Specifies the number of bytes to be compared (length of 
key). While the range of legal values is from 1 to 255, the 
field length specified should be evenly divisibie into the 
sector length to prevent the key from being split at sector 
boundaries, if the multisector scan commands are used. 


Scan Command Results 


More detailed information about the completion of Scan 
Commands may be obtained by executing Read Special 
Register commands. 


Read Special Register 


Parameter Results 
(Hex) 
O06 The sector number of the sector in which the 


specified scan data pattern was located. 


14 MSB Count — The number of 128 byte blocks 
remaining to be compared in the current sector 
when the scan data pattern was located. This 
register is decremented with each 128 byte block 
read. 


13 LSB Count — The number of bytes remaining to 
be compared in the current sector when the scan 
data pattern is located. This register is initialized 
to 128 and is decremented with each byte 
compared. 


Upon a scan met condition, the equation below can be 
used to determine the last byte in the located pattern. 


Pointer = sector length — ((Register 14H)*128+ (Register 13H)) 
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8271 Scan Command Example 


Assume there are only 2 records on track 0 with the 
following data: 


Record 01: 01 
Record 02: 01 


Command 


SCAN EQ 


SCAN EQ 
SCAN EQ 
SCAN EQ 
SCAN EQ 
SCAN EQ 
SCAN EQ 


SCAN GEQ 
SCAN GEQ 
SCAN GEQ 


SCAN LEQ 
SCAN LEQ 


NOTES: 


iP 


02 03 04 05 06 07 08 000....00 
02 AA 55 00 00 00 00 ........ 00 


Field '")| Starting 
Length | Sector # | Sectors 


Met in first field 


Not met 

Not met with don’t care 
Met with don’t care 
Met in Record 02 
Starting sector # 1 
Field, Key length = 4 


GEQ-SME 
GEQ-SMNE 
GEQ-SNM 


LEQ-SMNE 
LEQ-SME 


FF'5),05 
FP06 
AA,55 
01,02 
05,06,07,08 


05,06,07,08 
05,04,07,08 
00,03,AA,44 ©! 


01,03,FF,04 
01,02,FF,04 


ee ee ee ee eee a ee a Ce 
oo x oo oc co CO xX xX © 


—a — NAN = — ot = AQ | ot es ek 


2 
2 
2 
2 
2 
2 
4 
4 
4 
4 
4 
4 


Field Length — Each record is partitioned into a number of fields equal to the record size divided by the field length. 


Note that the 


record size should be evenly divisable by the field length to insure proper operation of multi record 


scan. Also, maximum field length = 256 bytes. 


. Key — The key is a String of bytes located in the user system memory. The key length should equal the field length. 


By programming the 8257 DMA Controller into the auto load mode, the key will be recursively read in by the chip 
(once per field). 


. Completion Code — Shows how Scan command was met or not met. 


SNM — SCAN Not Met — 0 0 (also Good Complete) 
SME — SCAN Met Equal — 0 1 
SMNE — SCAN Met Not Equal — 1 0 


. Special Registers 


RO6 — This register contains the record number where the scan was met. 
R14 — This register contains the MSB count and is decremented every 128 characters. 


R14 = of - 1 
Length ( f) (Initialize at 
(07-D5 of PAR 2) Record Size Beginning of Record) 
000 128 Bytes 0 
001 256 Bytes 1 
010 512 Bytes 3 
011 1024 Bytes z 
6 e @ 
e 8 # 
& @ ee. 


R13 — This register contains a modulo 128 LSB count which is initialized to 128 at beginning of each record. This 
count is decremented after each character is compared except for the last character in a pattern match 
situation. 


byte 2 of eac 


. The OFFH character in the key is treated as a don’t care character position. 


. The Scan comparison is done on a byte by byte basis. That is, byte 1 of each field is compared to byte 1 of the key, 


h field is compared to byte 2 of the key, etc. 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias........ 0*C to 70°C’ 
Storage Temperature............. — 65°C to + 150°C 
Voltage on Any Pin with 

Respect to Ground. .....vsscsesedas —0.5V to +7V 
POWS! DIGGIDAUON. ..cccca cae eveexcsseeernns 1 Watt 


D.C. CHARACTERISTICS (Vcc= +5.0V +5% 


*NOTICE: Stresses above those listed under ‘“‘Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


8721 and 8271-8: T,=0°C to 70°C; 8271-6: T,=0°C to 50°C) 


Symbot [Parameter 
ie 
loz 


Po | Input Load Current 


Off-State Output Current 


Vec Supply Current 


CAPACITANCE 


Input Capacitance 


(Ta = 25°C; Vec = GND = OV) 


2 


I/O Capacitance 


NOTE: 1. Ambient temperature under bias for 8271-6 is 0°C to 50°C. 


A.C. CHARACTERISTICS (Vcc = +5.0V +5%) 


(8271 and 8271-8: Ta= O°C to 70°C; 8271-6: Ta= O0°C to 50°C) 


READ CYCLE 


tac Select Setup to R 


Parameter 


tca 
tea | 


DACK Setup to RD 
DACK Hold from RD 
Data Delay from DACK 


C, = 20 pF for Minimum; 
150 pF for Maximum 
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A.C. CHARACTERISTICS (Continued) 


WRITE CYCLE 


Parameter 


Select Setup to WR 
Select Hold from WR 


WR Pulse Width 
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Mey [CteckPerod 
tex | Glosk tow Peed 
Mow [Cloek High Period 
tos | Data Window Setup to Unsoparated Cock and Data 
NOTES: 


1. All timing measurements are made at the reference voltages unless otherwise specified: Input 1” at 2.0V, “0” at 0.8V 
Output ‘‘1”’ at 2.0V, ‘‘0” at 0.8V 


Test Conditions 


a _— 
— 


2. tap, trp, tac, and tca are not concurrent specs. 
3. Standard Floppy: tcy = 250 ns +0.4% Mini-Floppy: tcy =500 ns +0.4% 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 
DEVICE 


UNDER 
TEST 


2.0 


> TEST POINTS < 


0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC “1° AND 0.45V FOR 
A LOGIC 0. TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC °1° 
AND 0.8V FOR A LOGIC 0." 


C, INCLUDES JIG CAPACITANCE 
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DATA BUS 


CHIP CLOCK 
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WAVEFORMS (Continued) 


READ DATA 


Fo le F 


*tcy = 250 ns **tcy = 500 ns 
16 tcy +8tcy 


Btcy +4tcy 


*STANDARD FLEXIBLE DISK DRIVE TIMING 
**MINI-FLOPPY TIMING 


SINGLE-SHOT DATA SEPARATOR 


UNSEPARATED ~\ / \ / \ / \ / 
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WRITE DATA 


-—r —_ 


PULSE WIDTH PW = tcy +30 ns 
H (HALF BIT CELL) = 8 tcy 
F (FULL BIT CELL) = 16 tcy 


“tcy = 250ns +0.4% ‘**tcy = 500 ns +0.4% 
250 ns +30 ns 500 ns +30 ns 
2.0us + 8ns 4.0 us +16 ns 
4.0 us +16 ns 8.0 us +32 ns 


PLO DATA SEPARATOR 


UNSEPARATED 
DATA 
| —— tpg>50 ns 


*DATA 
WINDOW 


*DATA WINDOW MAY BE 180° OUT OF PHASE 
IN PLO DATA SEPARATION MODE. 
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SINGLE/DOUBLE DENSITY 
FLOPPY DISK CONTROLLER 


= IBM Compatible in Both Single and ® 
Double Density Recording Formats 


= Programmable Data Record Lengths: - 
128, 256, 512, or 1024 Bytes/Sector 


# Multi-Sector and Multi-Track Transfer 
Capability 


= Drive Up to 4 Floppy Disks 


# Data Scan Capability — Will Scan a 
Single Sector or an Entire Cylinder’s 


Worth of Data Fields, Comparing on a Pe 
Byte by Byte Basis, Data in the 
Processors Memory with Data Read iz 


from the Diskette 


Data Transfers in DMA or Non-DMA 
Mode 


Parallel Seek Operations on Up to 
Four Drives 


= Compatible with Most 


Microprocessors Including 8080A, 
8085A, 8086 and 8088 


= Single-Phase 8 MHz Clock 


Single +5 Volt Power Supply 


Available in 40-Pin Plastic Dual-in-Line 
Package 


The 8272 is an LSI Floppy Disk Controller (FDC) Chip, which contains the circuitry and control functions for interfacing 
a processor to 4 Floppy Disk Drives. It is capable of supporting either IBM 3740 single density format (FM), or IBM 
System 34 Double Density format (MFM) including double sided recording. The 8272 provides control signals which 
simplify the design of an external phase locked loop, and write precompensation circuitry. The FDC simplifies and 
handles most of the burdens associated with implementing a Floppy Disk Drive Interface. 


DATA BUS 


BUFFER REGISTERS 


—<—— WR CLOCK 
WR DATA 
WR ENABLE 
PRE-SHIFT 0 
PRE-SHIFT 1 


SERIAL 
INTERFACE 
CONTROLLER 


~t—- READ DATA 
~<——. DATA WINDOW 
Vco SYNC 


TERMINAL 


COUNT | 


401] Vcc 
39 [_] RW/SEEK 
38 [_] LCTIDIR 


INTERFACE 
CONTROLLER 


OUTPUT 
PORT 


HEAD LOAD 

HEAD SELECT 

LOW CURRENT/DIRECTION 
FAULT RESET/STEP 


Figure 1. 8272 Internal Block Diagram 
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csc 4 37 [1] FRISTP 
AoC] 5 36 [-] HDL 
DBoL] 6 35 [-] RDY 
pB,C] 7 34 [[] wets 
pB2[] 8 33 [-] FLT/TRKO 
DBs] 9 32 [7] PSo 
DBag\|_] 10 31 [7] PS; 
DBs] 11 30 [[] WR DATA 
Gears DBe (] 12 29] DSo 
WRITE PROTECT/TWO SIDE DB7(] 13 28 [_] DS 
ae waeee : pra] 14 27 []) HDSEL 
DACK[] 15 26 [[] MFM 
DRIVE SELECT 0 bier (i oil hi 
DRIVE SELECT 1 1px J 17 2417] Veo 
MFM MODE INTL] 18 23] RD DATA 
RWISEEK CLK] 19 22] pw 


211] WR CLK 


Figure 2. Pin Configuration 
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Table 1. Pin Description 


Reset: Places FDC in 
idle state. Resets output 
lines to FDD to ‘‘0”’ 


Read: Control signal 
for transfer of data from 
FDC to Data Bus, when 
“0” (low). 


Write: Control signal 
for transfer of data to 
FDC via Data Bus, when 
“0” (low). 


Chip Select: !C selected 
when “0” (low), allow- 
ing RD and WR to be 
enabled. 


Data/Status Register 
Select: Selects Data 
Reg (Ap = 1) or Status 
Reg (Ap = 0) content be 


Ag ytd 
sent to Data Bus. 


DBo-DB, | 6-13 | 1/0" Data Bus: Bidirectional 
8-Bit Data Bus. 


Data DMA Request: 
DMA Request is being 
made by FDC when 
DRQ “1.” 


DMA Acknowledge: 
DMA cycle is active 
when ‘‘0”’ (low) and 
Controller is perform- 
ing DMA transfer. 


Terminal Count: Indi- 
cates the termination of 
a DMA transfer when 
“41” (high)!?) 


Index: Indicates the 
beginning of a disk 
track. 


Interrupt: Interrupt Re- 
eee Generated by 


Ground: D.C. Power 
Return. 


Note 1: Disabled when CS=1. 


Note 2: TC must be activated to terminate the Execution Phase of any command. 


Name and Function 


Connec- 
Type| tion To 


RW/SEEK FDD |Read_ Write/ SEEK: 
When ‘‘1” (high) Seek 
7 Hee 


mode selected and 
when ‘‘0” (low) Read/ 
Write mode selected. 


Low Current/Direction: 
Lowers Write current 
on inner tracks in 
Read/Write mode, de- 
termines direction head 
will step in Seek mode. 


Fault Reset/Step: Re- 
sets fault FF in FDD in 
Read/Write mode, pro- 
vides step pulses to 
move head to another 
cylinder in Seek mode. 


Head Load: Command 
which causes read/write 
head in FDD to contact 
diskette. 


Ready: Indicates FDD 
is ready to send or re- 
ceive data. 


Write Protect / Two- 
Side: Senses Write Pro- 
tect status in Read/ 
Write mode, and Two 
Side Media in Seek 
mode. 


Fault/Track 0: Senses 
FDD fault condition in 
Read/Write mode and 
Track 0 condition in 


FLT/TRKO FDD 
Seek mode. 

PS,,PSo 31,32 FDD | Precompensation (pre- 
shift): Write precom- 
pensation status during 
MFM mode. Determines 
early, late, and normal 
times. 


WR DATA FDD | Write Data: Serial clock 
and data bits to FDD. 
FDD | Drive Select: Selects 
FDD unit. 


HDSEL 27 FDD | Head Select: Head 1 
selected when ‘1’ 
(high) Head 0 selected 
when “‘0”’ (low). 
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Table 1. Pin Description (Continued) 


MFM Mode: MFM mode 
when ° oe FM mode 


VCO Sync: Inhibits VCO 
in PLL when “0” (low), 
enables VCO when ‘‘1.” 


Read Data: Read data 
from FDD, containing 
clock and data bits. 


8272 SYSTEM BLOCK DIAGRAM 


SYSTEM BUS 


RD DATA 


WR DATA 


8237 
DMA 
CONTROLLER 


DRIVE 
INTERFACE 


8272 
—_ INPUT Larry 


Sram [“oureur conrRot_ ) 


TC 
TERMINAL 
COUNT 


DESCRIPTION 


Hand-shaking signals are provided in the 8272 which 
make DMA operation easy to incorporate with the aid of 
an external DMA Controller chip, such as the 8237. The 
FDC will operate in either DMA or Non-DMA mode. In 
the Non-DMA mode, the FDC generates interrupts to the 
processor for every transfer of a data byte between the 
CPU and the 8272. In the DMA mode, the processor need 
only load a command into the FDC and all data transfers 
occur under control of the 8272 and DMA controller. 


There are 15 separate commands which the 8272 will 
execute. Each of these commands require multiple 8-bit 
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Data Window: Gener- 
ated by PLL, and used 
to sample data from 
FDD. 


Write Clock: Write data 
rate to FDD FM = 500 
kHz, MFM = 1 MHz, with 
a pulse width of 250 ns 
for both FM and MFM. 


Must be enabled for all 
operations, both Read 
and Write. 


bytes to fully specify the operation which the processor 
wishes the FDC to perform. The following commands 
are available. 


Read Data Write Data 

Read ID Format a Track 

Read Deleted Data Write Deleted Data 
Read a Track Seek 

Scan Equal Recalibrate (Restore to 


Track 0) 
Sense Interrupt Status 
Sense Drive Status 


Scan High or Equal 
Scan Low or Equal 
Specify 


FEATURES 


Address mark detection circuitry is internal to the FDC 
which simplifies the phase locked loop and read elec- 
tronics. The track stepping rate, head load time, and 
head unload time may be programmed by the user. The 
8272 offers many additional features such as multiple 
sector transfers in both read and write modes with a 
single command, and full IBM compatibility in both 
single (FM) and double density (MFM) modes. 


8272 REGISTERS — CPU INTERFACE 


The 8272 contains two registers which may be accessed 
by the main system processor; a Status Register and a 
Data Register. The 8-bit Main Status Register contains 
the status information of the FDC, and may be accessed 
at any time. The 8-bit Data Register (actually consists of 
several registers in a stack with only one register pre- 
sented to the data bus at a time), stores data, com- 
mands, parameters, and FDD status information. Data 
bytes are read out of, or written into, the Data Register 
in order to program or obtain the results after execution 
of a command. The Status Register may only be read 
and is used to facilitate the transfer of data between the 
processor and 8272. 
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The relationship between the Status/Data registers and 
the signals RD, WR, and Ag is shown below. 


Read from Data Register 
Write into Data Register 


The bits in the Main Status Register are defined as 


follows: 


BIT NUMBER 


SYMBOL DESCRIPTION 


FDD number 0 is in the Seek 
mode. 
FDD number 1 is in the Seek 
mode. 
FDD number 2 is in the Seek 
mode. 
FDD number 3 is in the Seek 
mode. 


A read or write command is 
in process. 


FDD 0 Busy 
FDD 1 Busy 


ill 
Kall 
ie eel Hal 
Nell 
all 


FDD 3 Busy 
FDC Busy 


_ _ 
Data Input/Output 


7 


Master 
The DIO and RQM bits in the Status Register indicate 
when Data is ready and in which direction data will be 
transferred on the Data Bus. 


The FDC is in the non-DMA 
mode. This bit is set only 
during the execution phase 
in non-DMA mode. Tran- 
sition to “0” state indicates 
execution phase has ended. 


Indicates direction of data 
transfer between FDC and 
Data Register. If DIO = “1” 
then transfer is from Data 
Register to the Processor. 
lf DIO=“'0"’", then transfer 
is from the Processor to 


DBo 
DB, 
DB, 
Data Register. 

B7 


Indicates Data Register is 
ready to send or receive 
data to or from the Proc- 
essor. Both bits DIO and 
RQM should be used to 
perform the handshaking 
functions of “ready” and 
“direction” to the 
processor. 


OUT OF FDC AND INTO PROCESSOR 
DATA IN-OUT 
(BIO) 


OUT OF PROCESSOR AND INTO FDC 


REQUEST | | | | | | | | 
FOR MASTER aoe 
(ROM) READ 


NOTES: [A] — DATA REGISTER READY TO BE WRITTEN INTO BY PROCESSOR 
— DATA REGISTER NOT READY TO BE WRITTEN INTO BY PROCESSOR 
(C] — DATA REGISTER READY FOR NEXT DATA BYTE TO BE READ BY THE 
PROCESSO 
(D] — DATA REGISTER NOT READY FOR NEXT DATA BYTE TO BE READ BY 
PROCESSOR 


STATUS REGISTER TIMING 
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The 8272 is capable of executing 15 different com- 
mands. Each command is initiated by a multi-byte 
transfer from the processor, and the result after execu- 
tion of the command may also be a multi-byte transfer 
back to the processor. Because of this multi-byte inter- 
change of information between the 8272 and the proc- 
essor, it is convenient to consider each command as 
consisting of three phases: 


Command Phase: The FDC receives all information 
required to perform a particular 
operation from the processor. 


Execution Phase: The FDC performs the operation it 
was instructed to do. 

After completion of the operation, 
status and other housekeeping in- 
formation are made available to 
the processor. 


Result Phase: 


During Command or Result Phases the Main Status 
Register (described earlier) must be read by the proc- 
essor before each byte of information is written into or 
read from the Data Register. Bits D6 and D7 in the Main 
Status Register must be in a0 and 1 state, respectively, 
before each byte of the command word may be written 
into the 8272. Many of the commands require multiple 
bytes, and as a result the Main Status Register must be 
read prior to each byte transfer to the 8272. On the other 
hand, during the Result Phase, D6 and D7 in the Main 
Status Register must both be 1’s (D6=1 and D7=1) 
before reading each byte from the Data Register. Note, 
this reading of the Main Status Register before each 
byte transfer to the 8272 is required in only the Com- 
mand and Result Phases, and NOT during the Execution 
Phase. 


During the Execution Phase, the Main Status Register 
need not be read. If the 8272 is in the Non-DMA Mode, 
then the receipt of each data byte (if 8272 is reading data 
from FDD) is indicated by an Interrupt signal on pin 18 
(INT = 1). The generation of a Read signal (RD = 0) will 
reset the Interrupt as well as output the Data onto the 
Data Bus. For example, if the processor cannot handle 
Interrupts fast enough (every 13 us for MFM mode) then 
it may poll the Main Status Register and then bit D7 
(RQM) functions just like the Interrupt signal. If a Write 


Command is in process then the WR signal performs 
the reset to the Interrupt signal. 


If the 8272 is in the DMA Mode, no Interrupts are gener- 
ated during the Execution Phase. The 8272 generates 
DRQ’s (DMA Requests) when each byte of data is 
available. The DMA Controller responds to this request 
with both a DACK = 0 (DMA Acknowledge) and a RD=0 
(Read signal). When the DMA Acknowledge signal goes 
low (DACK = 0) then the DMA Request is reset (DRQ = 0). 
If a Write Command has been programmed then a WR 
signal will appear instead of RD. After the Execution 
Phase has been completed (Terminal Count has 
occurred) then an Interrupt will occur (INT= 1). This 
signifies the beginning of the Result Phase. When the 
first byte of data is read during the Result Phase, the In- 
terrupt is automatically reset (INT = 0). 


It is important to note that during the Result Phase all 
bytes shown in the Command Table must be read. The 
Read Data Command, for example, has seven bytes of 
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data in the Result Phase. All seven bytes must be read in 
order to successfully complete the Read Data Com- 
mand. The 8272 will not accept a new command until all 
seven bytes have been read. Other commands may re- 
quire fewer bytes to be read during the Result Phase. 


The 8272 contains five Status Registers. The Main 
Status Register mentioned above may be read by the 
processor at any time. The other four Status Registers 
(STO, ST1, ST2, and ST3) are only available during the 
Result Phase, and may be read only after successfully 
completing a command. The particular command which 
has been executed determines how many of the Status 
Registers will be read. 


The bytes of data which are sent to the 8272 to form the 
Command Phase, and are read out of the 8272 in the 
Result Phase, must occur in the order shown in the 
Command Table. That is, the Command Code must be 
sent first and the other bytes sent in the prescribed se- 
quence. No foreshortening of the Command or Result 
Phases are allowed. After the last byte of data in the 
Command Phase is sent to the 8272 the Execution 
Phase automatically starts. In a similar fashion, when 


the last byte of data is read out in the Result Phase, the 
command is automatically ended and the 8272 is ready 
for a new command. A command may be aborted by 
simply sending a Terminal Count signal to pin 16 
(TC = 1). This is a convenient means of ensuring that the 
processor may always get the 8272’s attention even if 
the disk system hangs up in an abnormal manner. 


POLLING FEATURE OF THE 8272 


After the Specify command has been sent to the 8272, 
the Drive Select Lines DSO and DS1 will automatically 
go into a polling mode. In between commands (and be- 
tween step pulses in the SEEK command) the 8272 polls 
all four FDDs looking for a change in the Ready line from 
any of the drives. If the Ready line changes state (usual- 
ly due to a door opening or closing) then the 8272 will 
generate an interrupt. When Status Register 0 (STO) is 
read (after Sense Interrupt Status is issued), Not Ready 
(NR) will be indicated. The polling of the Ready line by 
the 8272 occurs continuously between instructions, 
thus notifying the processor which drives are on or off 
line. 


Table 2. 8272 Command Set 


DATA BUS 


MT MFM SK O O 1 1 O 
0 0 0 0 =O HDS DS1 DSO 


Command Command Codes 


prior to Command 
execution 


SSzzzzSzze=e 


Data transfer 
between the FDD 
and main-system 


Execution 


Status information 
after Command 
execution 


after command 
execution 


MT MFM SK 0 1 1 0 60 
0 0 0 0 0 HDS DS1 DSO 


Command Codes 


prior to Command 
execution 


SzSzzzzz2= 


Data transfer 
between the FDD 
and main-system 


Execution 


Status information 
after Command 
execution 


after Command 
execution 


Note: 1. Symbols used in this table are described at the end of this section. 
2. Ag= 1 for all operations. 
3. X= Don’t care, usually made to equal binary 0. 


Sector ID information 


Execution 


Sector ID information 


READ DELETED DATA 


Sector ID information 


Execution 


Sector ID information 
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DATA BUS 


7 ee ee Pa oi, ae Mi co [rewinns | 


READ DATA 


WRITE DATA 


MT MFM 0 OO O 1 Oo 1 
0 0 0 0 O HDS DS1:DS0 


Command Codes 


Sector ID information 
prior to Command 
execution 


Ww 
Ww 
Ww 
W 
Ww 
Ww 
W 
Ww 
Ww 


Data transfer 
between the main- 
system and FDD 


Status information 
after Command 
execution 


Sector ID information 
after Command 
execution 

WRITE DELETED DATA 


MT MFM 0 OO 1 Oo. 61 
0 0 0 0 O HDS DSi DSO 


Command Codes 


Sector ID information 
prior to Command 
execution 


S=zSSSSSze=e 


Data transfer 
between the FDD 
and main-system 


Status information 
after Command 
execution 


Sector ID information 
after Command 
execution 


DBDUUDUVIID 
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Table 2. 8272 Command Set (Continued) 


DATA BUS 
D7 Dg Ds Dg Dg Dg Dy Dg 


READ A TRACK 


O MFMSK 0 0 0O 1 90 
0 0 oO O O HDS DS1 DSO 


Command 


S=zzzSzSSSzze= 


Execution 


Execution 


DUVVDIIIAAD 


FORMAT A TRACK 


O MFM 0 O 1 1 Oo 1 
0 HDS DS1 DSO 


N 
sc 
GPL 


==szeze= 


Execution 


Result 


SCAN EQUAL 


MT MFM SK _ 1 0 oOo oO 1 
0 0 0 0 O HDS DS1 DSO 


ZDvxméO 


EOT 
GPL 
STP 


W 
W 
Ww 
Ww 
WwW 
Ww 
WwW 
Ww 
W 


Execution 


RO pe 
ST 1 
ST 2 


2320 


Command Codes 


Sector ID information 
prior to Command 
execution 


Data transfer 
between the FDD 
and main-system. 
FDC reads all of 
cylinders contents 
from index hole to 
EOT 


Status information 
after Command 
execution 


Sector ID information 
after Command 
execution 


The first correct ID 
information on the 
Cylinder is stored in 
Data Register 


Status information 
after Command 
execution 


Sector !D information 
during Execution 
Phase 


Command Codes 


Bytes/Sector 
Sectors/Cylinder 
Gap 3 

Filler Byte 


FDC formats an 
entire cylinder 


Status information 
after Command 
execution 


In this case, the ID 
information has no 
meaning 


Command Codes 


Sector ID information 
prior to Command 
execution 


Data compared 
between the FDD 
and main-system 


Status information 
after Command 
execution 


Sector ID information 
after Command 
execution 
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DATA BUS 


ee Dg Ps D4 D3 Dz Dy Dp ecuanes 


SCAN LOW OR EQUAL 


MT MFM SK 1 1 0 oO 1 
0 0 0 0 O HDS DS1 DSO 


Command Command Codes 


Sector ID information 
prior Command 
execution 


SSSszszsezze 


Execution 


Data compared 
between the FDD 
and main-system 


Status information 
after Command 
execution 


Result 


Sector ID information 
after Command 
execution 


MT MFM SK 1 1 Oo 4 
0 0 HDS DS1 DSO 


Command Command Codes 


Sector ID information 
prior Command 
execution 


SStSzszezzzze=z 


Execution Data compared 
between the FDD 


and main-system 


Status information 
after Command 
execution 


Result 


Sector ID information 
after Command 
execution 


Command 1 1 1 
0 DS1 DSO 


Command Codes 


Execution Head retracted to 


Track 0 


Command Codes 


Status information at 
the end of each seek 
operation about the 

FDC 


Command 
Result 


Command Codes 


Command Command Codes 
0 HDS DS1 DSO 


Status information 
about FDD 


Result 


0 1 1 1 1 
0 0 0 OQ O HDS DS1 DSO 
NCN 


Command Command Codes 


Execution 


Head is positioned 
over proper Cylinder 
on Diskette 


INVALID 


Command | W _ Invalid Codes Invalid Command 
Codes (NoOp — FDC 
goes into Standby 
State) 

Result R ee Se, OO ST 0=80 


(16) 


AFN-01259B 


8272 


Table 3. Command Mnemonics 


SYMBOL DESCRIPTION 


Address Line 0 Ag controls selection of Main Status 
Register (Ap = 0) or Data Register (Ag = 1). 

Cc Cylinder Number C stands for the current selected Cylinder 

track number 0 through 76 of the medium. 
Data D stands for the data pattern which is 
going to be written into a Sector. 

D7-Do Data Bus 8-bit Data Bus where D7 is the most 
significant bit, and Dg is the least signifi- 
cant bit. 

(ancl Drive Select DS stands for a selected drive number 0 
or. 

DT Data Length When N is defined as 00, DTL stands for 
the data length which users are going to 
read out or write into the Sector. 

EO End of Track EOT stands for the fina! Sector number of 
a Cylinder. 

is 

U 


G Gap Length GPL stands for the length of Gap 3 
(spacing between Sectors excluding VCO 
Sync Field). 
Head Address H stands for head number 0 or 1, as 
specified in ID field. 
Head Select HDS stands for a selected head number 0 
or 1 (H=HDS in all command words). 

H Head Load Time HLT stands for the head load time in the 
FDD (2 to 254ms in 2ms increments). 

H Head Unload Time HUT stands for the head unload time after 
a read or write operation has occurred (16 
to 240 ms in 16ms increments). 

FM or MFM Mode If MF is low, FM mode is selected and if 
it is high, MFM mode is selected. 

M Multi-Track 
be performed (a cylinder under both HDO 
and HD1 will be read or written). 

N stands for the number of data bytes 
written in a Sector. 


COMMAND DESCRIPTIONS 


During the Command Phase, the Main Status Register 
must be polled by the CPU before each byte is written 
into the Data Register. The DIO (DB6) and RQM (DB7) 
bits in the Main Status Register must be in the “0” and 
“1” states respectively, before each byte of the com: 
mand may be written into.the 8272. The beginning of the 
execution phase for any of these commands will cause 
DIO and RQM to switch to “1” and “0” states respective- 
ly. 


L 
T 
PL 
T 
T 
T 


If MT is high, a multi-track operation is to 


READ DATA 


A set of nine (9) byte words are required to place the 
FDC into the Read Data Mode. After the Read Data com- 
mand has been issued the FDC loads the head (if it is in 
the unloaded state), waits the specified head settling 
time (defined in the Specify Command), and begins 
reading 1D Address Marks and ID fields. When the cur- 
rent sector number (“‘R”) stored in the ID Register (IDR) 


SYMBOL | NAME DESCRIPTION 


New Cylinder Number | NCN stands for a new Cylinder number, 
which is going to be reached as a result 
of the Seek operation. Desired position of 
Head. 


Non-DMA Mode ND stands for operation in the Non-DMA 
Mode. 


Present Cylinder PCN stands for the Cylinder number at 

Number the completion of SENSE INTERRUPT 
STATUS Command. Position of Head at 
present time. 


Record R stands for the Sector number, which 
will be read or written. 
: 


Read/Write R/W stands for either Read (R) or Write 
(W) signal. 


SC indicates the number of Sectors per 


SK stands for Skip Deleted Data Address 
Step Rate Time 


Mark. 


SRT stands for the Stepping Rate for the 
FDD (1 to 16 msin 1 ms increments). The 
same Stepping Rate applies to all drives 

(F=1 ms, E=2 ms, etc.). 


STO Status 0 ST 0-3 stand for one of four registers 
ST 1 Status 1 which store the status information after 
ST 2 Status 2 a command has been executed. This 


ST3 Status 3 information is available during the result 
phase after command execution. These 
registers should not be confused with the 
main status register (selected by Ag= 0). 
ST 0-3 may be read only after a command 
has been executed and contain information 


relevant to that particular command. 


STP During a Scan operation, if STP=1, the 
data in contiguous sectors is compared 
byte by byte with data sent from the 

processor (or DMA), and if STP= 2, then 


alternate sectors are read and compared. 


compares with the sector number read off the diskette, 
then the FDC outputs data (from the data field) byte-by- 
byte to the main system via the data bus. 


After completion of the read operation from the current 
sector, the Sector Number is incremented by one, and 
the data from the next sector is read and output on the 
data bus. This continuous read function is called a 
“Multi-Sector Read Operation.” The Read Data Com- 
mand may be terminated by the receipt of a Terminal 
Count signal. Upon receipt of this signal, the FDC stops 
outputting data to the processor, but will continue to 
read data from the current sector, check CRC (Cyclic 
Redundancy Count) bytes, and then at the end of the 
sector terminate the Read Data Command. 


The amount of data which can be handled with a single 
command to the FDC depends upon MT (multi-track), 
MFM (MFM/FM), and N (Number of Bytes/Sector). Table 4 
below shows the Transfer Capacity. 


Table 4. Transfer Capacity 


Multi-Track Bytes/Sector Maximum Transfer Capacity Final Sector Read 
MT N (Bytes/Sector) (Number of Sectors) from Diskette 


0 00 

1 01 
1 0 
1 1 
0 
1 


(1024) (8) 


(128) (26)= 3,328 
(256) (26)= 6,656 


(256) (15)= 3,840 
(512) (15)= 7,680 


15 at Side 0 
or 15 at Side i 


(256) (30)= 7,680 
(512) (30) = 15,360 


(512) (8) = 4,096 


15 at Side 1 


8,192 


(512) (16)= 8,192 8 at Side 1 


(1024) (16) = 16,384 
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The “multi-track” function (MT) allows the FDC to read 
data from both sides of the diskette. For a particular 
cylinder, data will be transferred starting at Sector 1, 
Side 0 and completing at Sector L, Side 1 (Sector L= last 
sector on the side). Note, this function pertains to only 


One cylinder (the same track) on each side of the 
diskette. 


When N=0, then DTL defines the data length which the 
FDC must treat as a sector. If DTL is smaller than the ac- 
tual data length in a Sector, the data beyond DTL in the 
Sector, is not sent to the Data Bus. The FDC reads (inter- 
nally) the complete Sector performing the CRC check, 
and depending upon the manner of command termina- 
tion, may perform a Multi-Sector Read Operation. When 
N is non-zero, then DTL has no meaning and should be 
set to OFFH. 


At the completion of the Read Data Command, the head 
is not unloaded until after Head Unload Time Interval 
(specified in the Specify Command) has elapsed. If the 
processor issues another command before the head 
unloads then the head settling time may be saved be- 
tween subsequent reads. This time out is particularly 
valuable when a diskette is copied from one drive to 
another. 


lf the FDC detects the Index Hole twice without finding 
the right sector, (indicated in “R’’), then the FDC sets 
the ND (No Data) flag in Status Register 1 to a 1 (high), 
and terminates the Read Data Command. (Status 
Register 0 also has bits 7 and 6 set to 0 and 1 respective- 
ly.) 


After reading the ID and Data Fields in each sector, the 
FDC checks the CRC bytes. If a read error is detected 
(incorrect CRC in ID field), the FDC sets the DE (Data Er- 
ror) flag in Status Register 1 to a 1 (high), and if a CRC er- 
ror occurs in the Data Field the FDC also sets the DD 
(Data Error in Data Field) flag in Status Register 2 toa 1 
(high), and terminates the Read Data Command. (Status 
Register 0 also has bits 7 and 6 set to 0 and 1 respec- 
tively.) 


lf the FDC reads a Deleted Data Address Mark off the 
diskette, and the SK bit (bit D5 in the first Command 
Word) is not set (SK = 0), then the FDC sets the CM (Con- 
tro! Mark) flag in Status Register 2 to a 1 (high), and ter- 
minates the Read Data Command, after reading all the 
data in the Sector. If SK=1, the FDC skips the sector 
with the Deleted Data Address Mark and reads the next 
sector. 


During disk data transfers between the FDC and the 
processor, via the data bus, the FDC must be serviced 
by the processor every 27 us in the FM Mode, and every 
13 us in the MFM Mode, or the FDC sets the OR (Over 
Run) flag in Status Register 1 to a 1 (high), and ter- 
minates the Read Data Command. 


If the processor terminates a read (or write) operation in 
the FDC, then the ID Information in the Result Phase is 
dependerit upon the state of the MT bit and EOT byte. 
Table 5 shows the values for C, H, R, and N, when the 
processor terminates the Command. 
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Table 5. ID Information When Processor 
Terminates Command 


Fixe Gente Teanatevied te ID Information at Result Phase 
Proceso aaa 


Sector 1 to 25 at Side 0 
Sector 1 to 14 at Side 0 
Sector 1 to 7 at Side 0 


Sector 26 at Side 0 
OF Sector 15 at Side 0 
Sector 8 at Side 0 


1A Sector 1 to 25 at Side 1 
OF Sector 1 to 14 at Side 1 
08 Sector 1 to 7 at Side 1 


Sector 26 at Side 1 
OF Sector 15 at Side 1 
Sector 8 at Side 1 


Sector 1 to 25 at Side 0 
OF Sector 1 to 14 at Side 0 
08 Sector 1 to 7 at Side 0 


Sector 26 at Side 0 
Sector 15 at Side 0 
08 Sector 8 at Side 0 


Sector 1 to 25 at Side 1 
OF Sector 1 to 14 at Side 1 
08 Sector 1 to 7 at Side 1 


Sector 26 at Side 1 
Sector 15 at Side 1 
08 Sector 8 at Side 1 


m= 
pre | me | me 
fol 


Notes: 1. NC (No Change): The same value as the one at the beginning of command 
execution. 


2. LSB (Least Significant Bit): The least significant bit of H is 
complemented. 


WRITE DATA 


A set of nine (9) bytes are required to set the FDC into 
the Write Data mode. After the Write Data command has 
been issued the FDC loads the head (if it is in the 
unloaded state), waits the specified head settling time 
(defined in the Specify Command), and begins reading 
ID Fields. When the current sector number (“‘R’’), stored 
in the ID Register (IDR) compares with the sector 
number read off the diskette, then the FDC takes data 
from the processor byte-by-byte via the data bus, and 
outputs it to the FDD. 


After writing data into the current sector, the Sector 
Number stored in “R” is incremented by one, and the 
next data field is written into. The FDC continues this 
“Multi-Sector Write Operation” until the issuance of a 
Terminal Count signal. If a Terminal Count signal is sent 
to the FDC it continues writing into the current sector to 
complete the data field. If the Terminal Count signal is 
received while a data field is being written then the re- 
mainder of the data field is filled with 00 (zeros). 

The FDC reads the ID field of each sector and checks 
the CRC bytes. If the FDC detects a read error (incorrect 
CRC) in one of the ID Fields, it sets the DE (Data Error) 
flag of Status Register 1 to a 1 (high), and terminates the 
Write Data Command. (Status Register 0 also has bits 7 
and 6 set to 0 and 1 respectively.) 


The Write Command operates in much the same manner 
as the Read Command. The following items are the 
same; refer to the Read Data Command for details: 

e Transfer Capacity 

e EN (End of Cylinder) Flag 

e ND (No Data) Flag 
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e Head Unload Time Interval 


e ID Information when the processor terminates com- 
mand (see Table 2) 
e Definition of DTL when N=0 and when N #0 


In the Write Data mode, data transfers between the proc- 
essor and FDC must occur every 31 us in the FM mode, 
and every 15 us in the MFM mode. If the time interval 
between data transfers is longer than this then the FDC 
sets the OR (Over Run) flag in Status Register 1 to a 1 
(high), and terminates the Write Data Command. 


WRITE DELETED DATA 


This command is the same as the Write Data Command 
except a Deleted Data Address Mark is written at the 
beginning of the Data Field instead of the normal Data 
Address Mark. 


READ DELETED DATA 


This command is the same as the Read Data Command 
except that when the FDC detects a Data Address Mark 
at the beginning of a Data Field (and SK=0 (low)), it will 
read all the data in the sector and set the CM flag in 
Status Register 2 to a 1 (high), and then terminate the 
command. If SK=1, then the FDC skips the sector with 
the Data Address Mark and reads the next sector. 


READ A TRACK 


This command is similar to READ DATA Command 
except that the entire data field is read continuously 
from each of the sectors of a track. Immediately after 
encountering the INDEX HOLE, the FDC starts reading 
all data fields on the track as continuous biocks of data. 
If the FDC finds an error in the ID or DATA CRC check 
bytes, it continues to read data from the track. The FDC 
compares the ID information read from each sector with 
the value stored in the IDR, and sets the ND flag of 
Status Register 1 to a 1 (high) if there is no comparison. 
Multi-track or skip operations are not allowed with this 
command. 


This command terminates when EOT number of sectors 
have been read. If the FDC does not find an ID Address 
Mark on the diskette after it encounters the INDEX 
HOLE for the second time, then it sets the MA (missing 
address mark) flag in Status Register 1 to a 1 (high), and 
terminates the command. (Status Register 0 has bits 7 
and 6 set to 0 and 1 respectively.) 
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READ ID 


The READ ID Command is used to give the present posi- 
tion of the recording head. The FDC stores the values 
from the first ID Field it is able to read. If no proper ID 
Address Mark is found on the diskette, before the IN- 
DEX HOLE is encountered for the second time then the 
MA (Missing Address Mark) flag in Status Register 1 is 
set to a 1 (high), and if no data is found then the ND (No 
Data) flag is also set in Status Register 1 to a 1 (high) 
and the command is terminated. 


FORMAT A TRACK 


The Format Command allows an entire track to be for- 
matted. After the INDEX HOLE is detected, Data is writ- 
ten on the Diskette: Gaps, Address Marks, ID Fields and 
Data Fields, all per the IBM System 34 (Double Density) 
or System 3740 (Single Density) Format are recorded. 
The particular format which will be written is controlled 
by the values programmed into N (number of bytes/sec- 
tor), SC (sectors/cylinder), GPL (Gap Length), and D 
(Data Pattern) which are supplied by the processor dur- 
ing the Command Phase. The Data Field is filled with 
the Byte of data stored in D. The ID Field for each sector 
is supplied by the processor; that is, four data requests 
per sector are made by the FDC for C (Cylinder Number), 
H (Head Number), R (Sector Number) and N (Number of 
Bytes/Sector). This allows the diskette to be formatted 
with nonsequential sector numbers, if desired. 


After formatting each sector, the processor must send 
new values for C, H, R, and N to the 8272 for each sector 
on the track. The contents of the R register is in- 
cremented by one after each sector is formatted, thus, 
the R register contains a value of R+ 1 when it is read 
during the Result Phase. This incrementing and format- 
ting continues for the whole track until the FDC en- 
counters the INDEX HOLE for the second time, where- 
upon it terminates the command. 


lf a FAULT signal is received from the FDD at the end of 
a write operation, then the FDC sets the EC flag of 
Status Register 0 to a 1 (high), and terminates the com- 
mand after setting bits 7 and 6 of Status Register 0 to0 
and 1 respectively. Also the loss of a READY signal at 
the beginning of a command execution phase causes 
command termination. 


Table 6 shows the relationship between N, SC, and GPL 
for various sector sizes: 


Table 6. Sector Size Relationships 


128 bytes/Sector 
FM Mode 256 
512 


[romwar | secronsae | w | so [on™ 


00 1A(46) 07(16) 1B(46) IBM Diskette 1 
01 OF (46) OE(46) 2A(146) IBM Diskette 2 
02 1B(46) 3A(46) 


1024 bytes/Sector | 03 04 
FM Mode 2048 04 02 
4096 05 01 
01 
02 - 
03 
MFM Mode 04 
05 
06 


Note: 1. Suggested values of GPL in Read or Write Commands to avoid splice point 
between data field and ID field of contiguous sections. 


2. Suggested values of GPL in format command. 
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SCAN COMMANDS 


The SCAN Commands allow data which is being read 
from the diskette to be compared against data which is 
being supplied from the main system (Processor in 
NON-DMA mode, and DMA Controller in DMA mode). 
The FDC compares the data on a byte-by-byte basis, and 
looks for a sector of data which meets the conditions of 
Depp = Dprocessor: DFpp < Dprocessor, Of DFpp  Dprocessor: 
Ones complement arithmetic is used for comparison 
(FF =largest number, 00=smallest number). After a 
whole sector of data is compared, if the conditions are 
not met, the sector number is incremented (R+ STP > 
R), and the scan operation is continued. The scan opera- 
tion continues until one of the following conditions oc- 
cur; the conditions for scan are met (equal, low, or high), 
the last sector on the track is reached (EOT), or the ter- 
minal count signal is received. 


If the conditions for scan are met then the FDC sets the 
SH (Scan Hit) flag of Status Register 2 to a 1 (high), and 
terminates the Scan Command. If the conditions for 
scan are not met between the starting sector (as 
specified by R) and the last sector on the cylinder (EOT), 
then the FDC sets the SN (Scan Not Satisfied) flag of 
Status Register 2 to a 1 (high), and terminates the Scan 
Command. The receipt of a TERMINAL COUNT signal 
from the Processor or DMA Controller during the scan 
operation will cause the FDC to complete the com- 
parison of the particular byte which is in process, and 
then to terminate the command. Table 7 shows the 
status of bits SH and SN under various conditions of 
SCAN. 


Table 7. Scan Status Codes 


STATUS REGISTER 2 
BIT2=SN BIT3=SH COMMENTS 


Depp = Oprocessor 
Depp < Oprocessor 
Depp * Oprocessor 


Depp = Oprocessor 
Scan High or Equal Depp > Oprocessor 
Depp + Dprocessor 


lf the FDC encounters a Deleted Data Address Mark on 
one of the sectors (and SK= 0), then it regards the sec- 
tor as the last sector on the cylinder, sets CM (Control 
Mark) flag of Status Register 2 to a 1 (high) and ter- 
minates the command. If SK= 1, the FDC skips the sec- 
tor with the Deleted Address Mark, and reads the next 
sector. In the second case (SK = 1), the FDC sets the CM 
(Control Mark) flag of Status Register 2 to a 1 (high) in 
order to show that a Deleted Sector had been en- 
countered. 
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When either the STP (contiguous sectors STP=01, or 
alternate sectors STP=02 sectors are read) or the MT 
(Multi-Track) are programmed, it is necessary to 
remember that the last sector on the track must be read. 
For example, if STP=02, MT=0, the sectors are 
numbered sequentially 1 through 26, and we start the 
Scan Command at sector 21; the following will happen. 
Sectors 21, 23, and 25 will be read, then the next sector 
(26) will be skipped and the Index Hole will be en- 
countered before the EOT value of 26 can be read. This 
will result in an abnormal termination of the command. 
lf the EOT had been set at 25 or the scanning started at 
sector 20, then the Scan Command would be completed 
in a normal manner. 


During the Scan Command data is supplied by either the 
processor or DMA Controller for comparison against the 
data read from the diskette. In order to avoid having the 
OR (Over Run) flag set in Status Register 1, it is nec- 
essary to have the data available in less than 27 us (FM 
Mode) or 13 us (MFM Mode). If an Overrun occurs the 
FDC terminates the command. 


SEEK 


The read/write head within the FDD is moved from 
cylinder to cylinder under control of the Seek Command. 
The FDC compares the PCN (Present Cylinder Number) 
which is the current head position with the NCN (New 
Cylinder Number), and performs the following operation 
if there is a difference: 


PCN < NCN: Direction signal to FDD set to a 1 (high), 
and Step Pulses are issued. (Step In.) 


PCN > NCN: Direction signal to FDD set to a 0 (low), 
and Step Pulses are issued. (Step Out.) 


The rate at which Step Pulses are issued is controlled by 
SRT (Stepping Rate Time) in the SPECIFY Command. 
After each Step Pulse is issued NCN is compared 
against PCN, and when NCN= PCN, then the SE (Seek 
End) flag is set in Status Register 0 to a 1 (high), and the 
command is terminated. 


During the Command Phase of the Seek operation the 
FDC is in the FDC BUSY state, but during the Execution 
Phase it is in the NON BUSY state. While the FDC is in 
the NON BUSY state, another Seek Command may be 
issued, and in this manner parallel seek operations may 
be done on up to 4 Drives at once. 


lf an FDD is in a NOT READY state at the beginning of 
the command execution phase or during the seek opera- 
tion, then the NR (NOT READY) flag is set in Status 
Register 0 to a 1 (high), and the command is terminated. 


AFN-01259B 


intel 


RECALIBRATE 


This command causes the read/write head within the 
FDD to retract to the Track 0 position. The FDC clears 
the contents of the PCN counter, and checks the status 
of the Track 0 signal from the FDD. As long as the Track 
0 signal is low, the Direction signal remains 1 (high) and 
Step Pulses are issued. When the Track 0 signal goes 
high, the SE (SEEK END) flag in Status Register 0 is set 
to a 1 (high) and the command is terminated. If the Track 
0 signal is still low after 77 Step Pulses have been 
issued, the FDC sets the SE (SEEK END) and EC (EQUIP- 
MENT CHECK) flags of Status Register 0 to both 1s 
(highs), and terminates the command. 


The ability to overlap RECALIBRATE Commands to 
multiple FDDs, and the loss of the READY signal, as 
described in the SEEK Command, also applies to the 
RECALIBRATE Command. 


SENSE INTERRUPT STATUS 


An Interrupt signal is generated by the FDC for one of 
the following reasons: 


1. Upon entering the Result Phase of: 

. Read Data Command 

. Read a Track Command 

. Read ID Command 

. Read Deleted Data Command 

. Write Data Command 

. Format a Cylinder Command 

. Write Deleted Data Command 

. Scan Commands 

2. Ready Line of FDD changes state 

3. End of Seek or Recalibrate Command 
4. During Execution Phase in the NON-DMA Mode 


Interrupts caused by reasons 1 and 4 above occur during 
normal command operations and are easily discernible 
by the processor. However, interrupts caused by 
reasons 2 and 3 above may be uniquely identified with 
the aid of the Sense Interrupt Status Command. This 
command when issued resets the interrupt signal and 
via bits 5, 6, and 7 of Status Register 0 identifies the 
cause of the interrupt. 


sa ~-~oOaQana4aw» 


Table 8. Seek, Interrupt Codes 
SEEK END |!NTERRUPT CODE 
BIT 5 BIT6 | BIT7 
Ready Line changed 
state, either polarity 
1 Normal Termination 
of Seek or Recalibrate 
Command 
yt 


Abnormal Termination of 
Seek or Recalibrate 


Command 
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Neither the Seek or Recalibrate Command have a Result 
Phase. Therefore, it is mandatory to use the Sense Inter- 
rupt Status Command after these commands to effec- 
tively terminate them and to provide verification of the 
head position (PCN). 


SPECIFY 


The Specify Command sets the initial values for each of 
the three internal timers. The HUT (Head Unload Time) 
defines the time from the end of the Execution Phase of 
one of the Read/Write Commands to the head unload 
state. This timer is programmable from 16 to 240 ms in 
increments of 16 ms (01=16 ms, 02=32 ms....OF= 
240 ms). The SRT (Step Rate Time) defines the time in- 
terval between adjacent step pulses. This timer is pro- 
grammable from 1 to 16 ms in increments of 1 ms (F=1 
ms, E=2 ms, D=3 ms, etc.). The HLT (Head Load Time) 
defines the time between when the Head Load signal 
goes high and when the Read/Write operation starts. 
This timer is programmable from 2 to 254 ms in in- 
crements of 2 ms (01=2 ms, 02=4 ms, 03=6ms.... 
FE = 254 ms). 


The time intervals mentioned above are a direct function 
of the clock (CLK on pin 19). Times indicated above are 
for an 8 MHz clock, if the clock was reduced to 4 MHz 
(mini-floppy application) then all time intervals are in- 
creased by a factor of 2. 


The choice of DMA or NON-DMA operation is made by 
the ND (NON-DMA) bit. When this bit is high (ND = 1) the 
NON-DMA mode is selected, and when ND=0 the DMA 
mode is selected. 


SENSE DRIVE STATUS 


This command may be used by the processor whenever 
it wishes to obtain the status of the FDDs. Status 
Register 3 contains the Drive Status information. 


INVALID 


If an invalid command is sent to the FDC (a command 
not defined above), then the FDC will terminate the com- 
mand. No interrupt is generated by the 8272 during this 
condition. Bit 6 and bit 7 (DIO and RQM) in the Main 
Status Register are both high (‘‘1”) indicating to the 
processor that the 8272 is in the Result Phase and the 
contents of Status Register 0 (STO) must be read. When 
the processor reads Status Register 0 it will find a 80H 
indicating an invalid command was received. 


A Sense Interrupt Status Command must be sent after a 
Seek or Recalibrate interrupt, otherwise the FDC will 
consider the next command to be an Invalid Command. 


In some applications the user may wish to use this com- 
mand as a No-Op comman4d, to place the FDC in a stand- 
by or no operation state. 
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Table 9. Status Registers 


STATUS REGISTER 0 
| 


D7 D7=0 and Dg=0 


Interrupt Cc 

Code Normal Termination of Command, 
(NT). Command was completed and 
properly executed. 
D7=0 and Dg=1 
Abnormal Termination of Com- 
mand, (AT). Execution of Command 
was Started, but was not 
successfully completed. 
D7 =1and Dg =0 
Invalid Command issue, (IC). 
Command which was issued was 
never started. 
D7=1 and Dg=1 
Abnormal Termination because 
during command execution the 
ready signal from FDD changed 
state. 


Seek End 


When the FDC completes the 
SEEK Command, this flag is set to 1 
(high). 


If a fault Signal is received from the 
FDD, or if the Track 0 Signal fails to 
occur after 77 Step Pulses (Recali- 

brate Command) then this flag is set. 


D3 | Not Ready When the FDD is in the not-ready 
state and a read or write command is 
issued, this flag is set. If a read or 
write command is issued to Side 1 
of a single sided drive, then this flag 
is set. 

Head This flag is used.to indicate the 
Address state of the head at Interrupt 


Unit Select 1 These flags are used to indicate a 
Unit Select 0 Drive Unit Number at Interrupt 


STATUS REGISTER 1 


Equipment 
Check 


When the FDC tries to access a 
Sector beyond the final Sector of a 
Cylinder, this flag is set. 


Lf Not used. This bit is always 0 (low). 


End of 
Cylinder 


ie] 


When the FDC detects a CRC error 
in either the ID field or the data field, 
this flag is set. 


If the FDC is not serviced by the 
main-systems during data transfers, 


Over Run 
within a certain time interval, this 
flag is set. 


D3 nn aa Not used. This bit always 0 (low). 


Dy | No Data During execution of READ DATA, 
WRITE DELETED DATA or SCAN 
Command, if the FDC cannot find 
the Sector specified in the IDR 
Register, this flag is set. 

During executing the READ ID Com- 
mand, if the FDC cannot read the 
ID field without an error, then this 
flag is set. 

During the execution of the READ A 
Cylinder Command, if the starting 
sector cannot be found, then this 
flag is set. 


N 


no. [name [SrWB0u 


STATUS REGISTER 1 (CONT.) 


During execution of WRITE DATA, 
WRITE DELETED DATA or Format A 
Cylinder Command, if the FDC 
detects a write protect signal from 
the FDD, then this flag is set. 


Missing If the FDC cannot detect the ID 

Address Address Mark after encountering the 

Mark index hole twice, then this flag is set. 
If the FDC cannot detect the Data 


DESCRIPTION 


Not 
Writable 


Address Mark or Deleted Data 
Address Mark, this flag is set. Also 
at the same time, the MD (Missing 
Address Mark in Data Field) of 
Status Register 2 is set. 


STATUS REGISTER 2 
Not used. This bit is always 0 (low). 


During executing the READ DATA or 
SCAN Command, if the FDC 
encounters a Sector which contains 
a Deleted Data Address Mark, this 
flag is set. 


If the FDC detects a CRC error in 
the data field then this flag is set. 


WC This bit is related with the ND bit, 
and when the contents of C on the 
medium is different from that stored 
in the IDR, this flag is set. 


Data Error in 
Data Field 


Cylinder 


During execution, the SCAN 
Command, if the condition of 
“equal” is satisfied, this flag is set. 


Scan Equal 


During executing the SCAN 
Command, if the FDC cannot find a 
Sector on the cylinder which meets 
the condition, then this flag is set. 


This bit is related with the ND bit, 
and when the content of C on the 
medium is different from that stored 
in the IDR and the content of C is 
FF, then this flag is set. 


Scan Not 
Satisfied 


Cylinder 


When data is read from the medium, 
if the FDC cannot find a Data 
Address Mark or Deleted Data 
Address Mark, then this flag is set. 


Missing 
Address 


Mark in Data 


STATUS REGISTER 3 


This bit is used to indicate the 
status of the Fault signal from the 
FDD. 


This bit is used to indicate the 
status of the Write Protected signal 
from the FDD. 


EE 


RDY This bit is used to indicate the status 
of the Ready signal from the FDD. 


This bit is used to indicate the status 
of the Track 0 signal from the FDD. 


This bit is used to indicate the status 
of the Two Side signal from the FDD. 


This bit is used to indicate the status 


Head 
Address of Side Select signal to the FDD. 
D, | Unit Select 1 US 1 This bit is used to indicate the status 
of the Unit Select 1 signal to the FDD. 
e Unit Selecto| USO | This bit is used to indicate the status 


of the Unit Select 0 signal tothe FDD. 
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ABSOLUTE MAXIMUM RATINGS* 

Operating Temperature ............ ~10°C to +70°C NOTICE: Stress above those listed under ‘‘Absolute Max- 

Storage Temperature ............. —40°C to +125°C imum Ratings” may cause permanent damage to the de- 

All Output Voltages ............... -~0.5 to +7 Volts vice. This is astress rating only and functional operation of 

All Input Voltages ................. -~0.5to +7 Volts the device at these or any other conditions above those 

Supply Voltage Voc «1... 0. eee eens —0.5 to +7 Volts indicated in the operational sections of this specification 

Power Dissipation ...........00ceeceeeeeuee 1 Watt is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 

*Ta= 25°C reliability. 

D.C. CHARACTERISTICS (tT, = 0°C to +70°C, Veco = +5V + 5%) 


vin | Input High Vottage 
Dvn, | @kawacun 
Vn, PUK WRU) 
Vor [Output tow vottags 
[Vor | Outputiignvotage 
Tce [Vee Supy Curent 


Input Load Current 
(All Input Pins) 
lLOH High Level Output 
Leakage Current 
Low Level Output 


Leakage Current 
CAPACITANCE 


Vin, 
Vin, 
Vit, 
ViH, 
VoL 
VoH 
loc 

Ne 


(Ta = 25°C, f, = 1 MHz, Vcc = OV) 


Parameter 


Cin) Clock Input Capacitance 
Cin Input Capacitance 
Output Capacitance 


8-156 


Test 
Conditions 


Test 
Conditions 


All Pins Except 
Pin Under Test 
Tied to AC 
Ground 
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A.C. CHARACTERISTICS (Ty = 0°C to 70°C; Voc = +5.0V + 5%) 
toy Clock Period 125 ns 
ton Clock High Period 40 ns Note 4 
trsT Reset Width 14 toy 
Read Cycle 
tar Select Setup to RDI 0 ns 
tra Select Hold from RDt 0 ns 
tar RD Pulse Width __ 250 ns 
trp Data Delay from RD} 200 ns 
tor Output Float Delay 20 100 ns 
Write Cycle __ 
taw Select Setup to WRI 0 ns 
twa Select Hold from WRt 0 ns 
tww WR Pulse Width 250 ns 
tow Data Setup to WRt 150 ns 
two Data Hold from WRt 5 ns 
Interrupts 
tri INT Delay from RDt 500 ns 
twi INT Delay from WRt 500 ns 
DMA 
tracy DRQ Cycle Period 13 us 
takRa DACK! to DRQ! 200 ns 
trar DRQt to RD! 800 ns 8 MHz clock 
traw DRQttoWR} | 250 ns 8 MHz clock 
trorw DRQt to RDt or WRt 12 us 8 MHz clock 
FDD Interface _ oa — 
twoy WCK Cycle Time PT MEM=0 Nite 
Co re ees ae _|_Memar "? 
two WCK High Time 250 100 350 ns 
top Pre-Shift Delay from WCKt 20 100 ns 
tcp WDA Delay from WCKt 20 100 ns 
twop Write Data Width tWCH — 50 ns 
twe WE? to WCKt or WE} to WCK\ Delay 20 1UU ns 
twwcy Window Cycle Time 2 ‘ MFM=0 
oe a eee Cees eee S|: |: ee 
twrp Window Setup to RDDt 15 ns 
trow Window Hold from RDD! 15 ns 
trop RDD Active Time (HIGH) 40 ns 
FDD 
SEEK/ 
DIRECTION/ 
STEP 
tus USp ; Setup to RW/SEEKt 12 us 
tsp RWISEEK Setup to LCT/DIR 6.8 us 
tos RW/SEEK Hold from LCT/DIR 30 us 
tost LCT/DIR Setup to FR/STEPTt 1 us 
tstp LCT/DIR Hold from FR/STEPY 24 us 8 MHz clock 
tstu DSo,1 Hold from FR/Stepy § us 
tstp STEP Active Time (High) 5 us 
tsc STEP Cycle Time 33 us Note 3 
ter FAULT RESET Active Time (High) 8 10 us 
tipx INDEX Pulse Width 625 us 
ttc Terminal Count Width 1 toy 
NOTES: 


1. Typical values for T, = 25°C and nominal supply voltage. 
2. The former values are used for standard floppy and the latter values are used for mini-floppies. 


3. tso = 33s min. is for different drive units. In the case of same unit, tg¢ can be ranged from 1ms to 16ms with 8 MHz clock period, and 2ms to 32ms 
with 4MHz clock, under software control. 


4. From 2.0Vf to +2.0V\. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 DEVICE 


UNDER 
TEST POINTS TEST 


0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1" AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" C, = 100 pF 
AND EN OY A. LOGE "6: C, INCLUDES JIG CAPACITANCE 


WAVEFORMS 


PROCESSOR READ OPERATION 
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Ao, CS, DACK 


DMA OPERATION 
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WAVEFORMS (Continued) 


CLOCK TIMING 


FDD WRITE OPERATION 


WRITE CLOCK 
(WCK) 


WRITE ENABLE 
(WE) 


PRESHIFT 0 or 1 
0.1) 


WRITE DATA 
(WDA) 


PRESHIFT 0 | PRESHIFT 1 
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WAVEFORMS (Continued) 


SEEK OPERATION 


{___ =>} 


tus 
tstu 


RW/SEEK 


LCT/ 
DIRECTION 


FLT RESET 


FAULT RESET 
FAIL UNSAFE RESET 
teR ——> 
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WAVEFORMS (Continued) 


FDD READ OPERATION 


READ DATA 


READ DATA 
WINDOW 


TERMINAL COUNT 
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8273, 8273-4, 8273-8 
PROGRAMMABLE HDLC/SDLC PROTOCOL 
CONTROLLER 


CCITT X.25 Compatible 
HDLC/SDLC Compatible 


Full Duplex, Half Duplex, or Loop 
SDLC Operation 


Up to 64K Baud Synchronous 
Transfers 


Automatic FCS (CRC) Generation and 
Checking 


Up to 9.6K Baud with On-Board Phase 
Locked Loop 


Programmable NRZI Encode/ Decode 


Two User Programmable Modem 
Control Ports 


Digital Phase Locked Loop Clock 
Recovery 


Minimum CPU Overhead 


Fully Compatible with 8048/8080/8085/ 
8088/8086 CPUs 


Single +5V Supply 


The Intel® 8273 Programmable HDLC/SDLC Protocol Controller is a dedicated device designed to support the ISO/ 
CCITT’s HDLC and IBM’s SDLC communication line protocols. It is fully compatible with Intel’s new high performance 
microcomputer systems such as the MCS-88/86™. A frame level command set is achieved by a unique microprogrammed 
dual processor chip architecture. The processing capability supported by the 8273 relieves the system CPU of the low 
level real-time tasks normally associated with controllers. 


REGISTERS 
Prmracsnt | —comans 
ro eo ee, 


TxDRQ | 


TxDACK 


TxD 
Tx LOGIC — 
e TxC 


R ——_ 
seue CONTROL RTS 


RxDACK LOGIC 


TxINT 
RxINT 


INTERNAL DATA BUS 


cy Ee 
ae 


RxD 
— Rx LOGIC fp RxC 


FLAG DET 


CPU INTERFACE MODEM INTERFACE 


Figure 1. Block Diagram 
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FLAG DET 
Tx INT 
CLK 
RESET 
TxDACK 
TxDRQ 
RxDACK 


Figure 2. Pin Configuration 
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A BRIEF DESCRIPTION OF HDLC/SDLC 
PROTOCOLS 


General 


The High Level Data Link Control (HDLC) is a standard 
communication link protocol established by International 
Standards Organization (ISO). HDLC is the discipline 
used to implement ISO X.25 packet switching systems. 


The Synchronous Data Link Control (SDLC) is an IBM 
communication link protocol used to implement the 
System Network Architecture (SNA). Both the protocols 
are bit oriented, code independent, and ideal for full 
duplex communication. Some common applications 
include terminal to terminal, terminal to CPU, CPU to 
CPU, satellite communication, packet switching and other 
high speed data links. In systems which require expensive 
cabling and interconnect hardware, any of the two 
protocols could be used to simplify interfacing (by going 
serial), thereby reducing interconnect hardware costs. 
Since both the protocols are speed independent, reducing 
interconnect hardware could become an important 
application. 


Network 


In both the HDLC and SDLC line protocols, according toa 
pre-assigned hierarchy, a PRIMARY (Control) STATION 
controls the overall network (data link) and issues 
commands to the SECONDARY (Slave) STATIONS. The 
latter comply with instructions and respond by sending 
appropriate RESPONSES. Whenever a _ transmitting 
station must end transmission prematurely it sends an 
ABORT character. Upon detecting an abort character, a 
receiving station ignores the transmission block called a 
FRAME. Time fill between frames can be accomplished by 
transmitting either continuous frame preambles called 
FLAGS or an abort character. A time fill within a frame is 
not permitted. Whenever a station receives a string of 
more that fifteen consecutive ones, the station goes into 
an IDLE state. 


Frames 


A single communication element is called a FRAME which 
can be used for both Link Control and data transfer 
purposes. The elements of a frame are the beginning eight 
bit FLAG (F) consisting of one zero, six ones, and a zero, 
an eight bit ADDRESS FIELD (A), an eight bit CONTROL 
FIELD (C), a variable (N-bit) INFORMATION FIELD (1), a 
sixteen bit FRAME CHECK SEQUENCE (FCS), and an 
eight bit end FLAG (F), having the same bit pattern as the 
beginning flag. In HDLC the Address (A) and Control (C) 
bytes are extendable. The HDLC and the SDLC use three 


OPENING 
FLAG (F) 


ADDRESS 
FIELD (A) 


CONTROL 
FIELD (C) 


INFORMATION 
FIELD (1) 


types of frames; an Information Frame is used to transfer 
data, a Supervisory Frame is used for control purposes, 
and a Non-sequenced Frame is used for initialization and 
control of the secondary stations. 


Frame Characteristics 


An important characteristic of a frame is that its con- 
tents are made code transparent by use of a zero bit 
insertion and deletion technique. Thus, the user can adopt 
any format or code suitable for his system — it may even 
be a computer word length or a “memory dump”. The 
frame is bit oriented that is, bits, not characters in each 
field, have specific meanings. The Frame Check 
Sequence (FCS) is an error detection scheme similar to 
the Cyclic Redundancy Checkword (CRC) widely used in 
magnetic disk storage devices. The Command and 
Response information frames contain sequence numbers 
in the control fields identifying the sent and received 
frames. The sequence numbers are used in Error 
Recovery Procedures (ERP) and as implicit acknowledge- 
ment of frame communication, enhancing the true full- 
duplex nature of the HDLC/SDLC protocols. 


In contrast, BISYNC is basically half-duplex (two way 
alternate) because of necessity to transmit immediate 
acknowledgement frames. HDLC/SDLC therefore saves 
propagation delay times and have a potential of twice the 
throughput rate of BISYNC. 


It is possible to use HDLC or SDLC over half duplex lines 
but there is a corresponding loss in throughput because 
both are primarily designed for full-duplex communi- 
cation. As in any synchronous system, the bit rate is 
determined by the clock bits supplied by the modem, 
protocols themselves are speed independent. 


A byproduct of the use of zero-bit insertion-deletion 
technique is the non-return-to-zero invert (NRZI) data 
transmission/reception compatibility. The latter allows 
HDLC/SDLC protocols to be used with asynchronous 
data communication hardware in which the clocks are 
derived from the NRZI encoded data. 
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Figure 3. Frame Format 
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Table 1. Pin Description 


a ee Name and Function 


[Moo | 40 |__| Power Supply: +5V Supply, 
|GND | 20] | Ground: Ground, 


RESET Reset: A high signal on this pin will 
force the 8273 to an idle state. The 
8273 will remain idle until acommand 
is issued by the CPU. The modem 
interface output signals are forced 
high. Reset must be true for a 
minimum of 10 TCY. 


Transmitter Data Request: Re- 
quests a transfer of data between 
memory and the 8273 for a transmit 
operation. 


Receiver DMA Request: Requests a 
transfer of data between the 8273 and 
memory for a receive operation. 


Transmitter DMA Acknowledge: 


cs Chip Select: The RD and WR inputs 

are enabled by the chip select input. 
Write Input: The Write signal is used 
to control the transfer of either a 
command or data from CPU to the 
8273. 
Read Input: The Read signal is used 
byte or a status word from the 8273 
to the CPU. 

TxINT Transmitter Interrupt: The Trans- 
mitter interrupt signal indicates that 
the transmitter logic requires service. 

RxINT 11 Receiver Interrupt: The Receiver 
interrupt signal indicates that the Re- 

- “PP 

TxDACK 
The Transmitter DMA acknowledge 
TxDMA cycle has been granted. 

RxDACK Receiver DMA Acknowledge: The 
Receiver DMA acknowledge signal 
notifies the 8273 that the RxDMA 
cycle has been granted. 

Address: These two lines are CPU 
Interface Register Select lines. 

Transmitter Data: This line trans- 
mits the serial data to the communi- 


DB7-DBy | 19- | I/O | Data Bus: The Data Bus lines are bi- 
12 directional three-state lines which in- 
terface with the system Data Bus. 
to control the transfer of either a data 
ceiver logic requires service. 
~ aa 
signal notifies the 8273 that the 
cation channel. 


Transmitter Clock: The transmitter 
clock is used to synchronize the 
transmit data. 


Receiver Data: This line receives 
serial data from the communication 
channel. 


Receiver Clock: The Receiver Clock 
is used to synchronize the receive 
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| symtot | Nolnype Name and Function 


32X CLK 32X Clock: The 32X clock is used to 
provide clock recovery when an 
asynchronous modem is used. In 
loop configuration the loop station 
can run without an accurate 1X clock 
by using the 32X CLK in conjunction 
with the DPLL output. (This pin must 
be grounded when not used.) 

ali Digital Phase Locked Loop: Digital 


Phase Locked Loop output can be 
FLAG DET cued 


tied to RxC and/or TxC when 1X clock 
is not available. DPLL is used with 
32X CLK. 


Flag Detect: Flag Detect signals that 
a flag (01111110) has been received 
by an active receiver. 


Request to Send: Request to Send 
signals that the 8273 is ready to trans- 
mit data. 


Clear to Send: Clear to Send signals 
that the modem is ready to accept 
data from the 8273. 


Carrier Detect: Carrier Detect sig- 
nals that the line transmission has 
started and the 8273 may begin to 
sample data on RxD line. 


General purpose input ports: The 
logic levels on these lines can be 
Read by the CPU through the Data 
Bus Buffer. 


General purpose output ports: The 
CPU can write these output lines 
through Data Bus Buffer. 


Fork =— | 3] st | Clock: A square wave TTL clock. 


FUNCTIONAL DESCRIPTION 
General 


The Intel® 8273 HDLC/SDLC controller is a microcom- 
puter peripheral device which supports the International 
Standards Organization (ISO) High Level Data Link 
Control (HDLC), and IBM Synchronous Data Link Control 
(SDLC) communications protocols. This controller 
minimizes CPU software by supporting a comprehensive 
frame-level instruction set and by hardware implemen- 
tation of the low level tasks associated with frame 
assembly/disassembly and data integrity. The 8273 can be 
used in either synchronous or asynchronous applications. 


In asynchronous applications the data can be program- 
med to be encoded/decoded in NRZI code. The clock is 
derived from the NRZI data using a digital phase locked 
loop. The data transparency is achieved by using a zero- 
bit insertion/deletion technique. The frames are automati- 
cally checked for errors during reception by verifying the 
Frame Check Sequence (FCS); the FCS is automatically 
generated and appended before the final flag in transmit. 


AFN-00743B 


intel 


The 8273 recognizes and can generate flags (01111110), 
Abort, Idle, and GA (EOP) characters. 


The 8273 can assume either a primary (control) or a 
secondary (slave) role. It can therefore be readily 
implemented in an SDLC loop configuration as typified by 
the IBM 3650 Retail Store System by programming the 
8273 into a one-bit delay mode. In such a configuration, a 
two wire pair can be effectively used for data transfer 
between controllers and loop stations. The digital phase 
locked loop output pin can be used by the loop station 
without the presence of an accurate Tx clock. 

CPU Interface 

The CPU interface is optimized for the MCS-80/85™ bus 
with an 8257 DMA controller. However, the interface is 
flexible, and allows either DMA or non-DMA data 
transfers, interrupt or non-interrupt driven. It further 
allows maximum line utilization by providing early 
interrupt mechanism for buffered (only the information 
field can be transferred to memory) Tx command over- 
lapping. It also provides separate Rx and Tx interrupt 
output channels for efficient operation. The 8273 keeps 
the interrupt request active until all the associated 
interrupt results have been read. 

The CPU utilizes the CPU interface to specify commands 
and transfer data. It consists of seven registers addressed 
via CS, A1, Ao, RD and WR signals and two independent 
data registers for receive data and transmit data. A1, Ao are 
generally derived from two low order bits of the address 
bus. If an 8080 based CPU is utilized, the RD and WR 
signals may be driven by the 8228 i/OR and I/OW. The 
table shows the seven register select decoding: 


REGISTERS 


[raarnooe | “eatae KP 


-_ Tx LOGIC 
OD 
TxDRQ i 


TxDACK 
RxDRQ 
RxDACK 


LOGIC 
TxINT oe: . =~ TS 
: pak 
= Rx LOGIC fp RxC 


FLAG DET 


CONTROL 


INTERNAL DATA BUS —~*> 


CPU INTERFACE MODEM INTERFACE 


Figure 4. 8273 Block Diagram Showing CPU 
Interface Functions 
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Register 


Command 
Status 
Parameter 
Result 

Reset 

TxINT Result 
RxINT Result 
Transmit Data 
Receive Data 
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Register Description 
Command 


Operations are initiated by writing an appropriate 
command in the Command Register. 


Parameter 

Parameters of commands that require additional informa- 
tion are written to this register. 

Result 

Contains an immediate result describing an outcome of an 
executed command. 


Transmit Interrupt Result 


Contains the outcome of 8273 transmit operation 
(good/bad completion). 


Receive Interrupt Result 


Contains the outcome of 8273 receive operation (good/ 
bad completion), followed by additional results which de- 
tail the reason for interrupt. 


Status 


The status register reflects the state of the 8273 CPU 
Interface. 


DMA Data Transfers 


The 8273 CPU interface supports two independent data 
interfaces: receive data and transmit data. At high data 
transmission speeds the data transfer rate of the 8273 is 
great enough to justify the use of direct memory access 
(DMA) for the data transfers. When the 8273 is configured 
in DMA mode, the elements of the DMA interfaces are: 


TxDRQ: Transmit DMA Request 

Requests a transfer of data between memory and the 
8273 for a transmit operation. 

TxDACK: Transmit DMA Acknowledge 


The TxDACK signal notifies the 8273 that a transmit DMA 
cycle has been granted. It is also used with WR to transfer 
data to the 8273 in non-DMA mode. Note: RD must not be 
asserted while TxDACK is active. 


RxDRQ: Receive DMA Request 


Requests a transfer of data between the 8273 and mem- 
ory for a receive operation. 
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RxDACK: Receive DMA Acknowledge 


The RxDACK signal notifies the 8273 that a receive DMA 
cycle has been granted. It is also used with RD to read 
data from the 8273 in non-DMA mode. Note: WR must not 
be asserted while RxDACK is active. 


RD, WR: Read, Write 


The RD and WR signals are used to specify the direction of 
the data transfer. 


DMA transfers require the use of a DMA controller such as 
the Intel 8257. The function of the DMA controller is to 
provide sequential addresses and timing for the transfer, 
at a starting address determined by the CPU. Counting of 
data block lengths is performed by the 8273. 


To request a DMA transfer the 8273 raises the appropriate 
DMA REQUEST. DMA ACKNOWLEDGE and READ en- 
ables DMA data onto the bus (independently of CHIP 
SELECT). DMA ACKNOWLEDGE and WRITE transfers 
DMA data to the 8273 (independent of CHIP SELECT). 


It is also possible to configure the 8273 in the non-DMA 
data transfer mode. In this mode the CPU module must 
pass data to the 8273 in response to non-DMA data re- 
quests indicated by the status word. 


Modem Interface 


The 8273 Modem interface provides both dedicated and 
user defined modem control functions. All the control 
signals are active low so that EIA RS-232C inverting 
drivers (MC 1488) and inverting receivers (MC 1489) may 
be used to interface to standard modems. For asynchro- 
nous operation, this interface supports programmable 
NRZI data encode/decode, a digital phase locked loop 
for efficient clock extraction from NRZI data, and 
modem control ports with automatic CTS, CD monitor- 
ing and RTS generation. This interface also allows the 
8273 to operate in PRE-FRAME SYNC mode in which the 
8273 prefixes 16 transitions to a frame to synchronize 
idle lines before transmission of the first flag. 

It should be noted that all the 8273 port operations deal 
with logical values, for instance, bit DO of Port A will bea 
one when CTS (Pin 30) is a physical zero (logical one). 
Port A — Input Port 

During operation, the 8273 interrogates input pins CTS 
(Clear to Send) and CD (Carrier Detect). CTS is used to 
condition the start of a transmission. If during transmis- 


sion CTS is lost the 8273 generates an interrupt. During 
reception, if CD is lost, the 8273 generates an interrupt. 


> & BF &% B B BD 


CTS — CLEAR TO SEND 
CD — CARRIER DETECT 


USER DEFINED INPUT PAg, PA3, PA2 


The user defined input bits correspond to the 8273 PA,, 
PA, and PA, pins. The 8273 does not interrogate or ma- 
nipulate these bits. 
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REGISTERS 


TxINT RESULT | COMMAND 


RxINT RESULT | PARAMETER a 


TEST MODE STATUS 
RESULT 


| TxD 
Tx LOGIC i 
O TxC 


TxDROQ : 


TxDACK 


R —_ 
BADES CONTROL RTS 
RxDACK 


LOGIC =a 
=a 
TxINT " CTs 
RxINT 0 cD 


CT) Pip 


RxD 
- Rx LOGIC fp Rx 


FLAG DET 


INTERNAL DATA BUS ——> 


CPU INTERFACE MODEM INTERFACE 


Figure 5. 8273 Block Diagram Showing Control 
Logic Functions 


Port B - Output Port 


During normal operation, if the CPU sets RTS active, the 
8273 will not change this pin; however, if the CPU sets RTS 
inactive, the 8273 will activate it before each transmission 
and deactivate it one byte time after transmission. While 
the receiver is active the flag detect pin is pulsed each time 
a flag sequence is detected in the receive data stream. 
Following an 8273 reset, all pins of Port B aresettoahigh, 
inactive level. 


RTS — REQUEST TO SEND 
USER DEFINED OUTPUT PBzg, PB3, PB2, PB 


FLAG DETECT 


The user defined output bits correspond to the state of 
PB4-PB1 pins. The 8273 does not interrogate or manipu- 
late these bits. 
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Serial Data Logic 


The Serial data is synchronized by the user transmit (TxC) 
and receive (RxC) clocks. The leading edge of TxC 
generates new transmit data and the trailing edge of RxC 
is used to capture receive data. The NRZI encoding/ 
decoding of the receive and transmit data is program- 
mable. 


The diagnostic features included in the Serial Data logic 
are programmable loop back of data and selectable clock 
for the receiver. In the loop-back mode, the data presented 
to the TxD pin is internally routed to the receive data input 


circuitry in place of the RxD pin, thus allowing a CPU to 
send a message to itself to verify operation of the 8273. 


In the selectable clock diagnostic feature, when the datais 
looped back, the receiver may be presented incorrect 
sample timing by the external circuitry. The user may 
select to substitute the TxC pin for the RxC input on-chip 
so that the clock used to generate the loop back data is 
used to sample it. Since TxD is generated off the leading 
edge of TxC and RxD is sampled on the trailing edge, the 
selected clock allows bit synchronism. 


Figure 6. Transmit/Receive Timing 


Asynchronous Mode interface 


Although the 8273 is fully compatible with the HDLC/ 
SDLC communication line protocols, which are primarily 
designed for synchronous communication, the 8273 can 
also be used in asynchronous applications by using this 
interface. The interface employs a digital phase locked 
loop (DPLL) for clock recovery from a receive data stream 
and programmable NRZI encoding and decoding of data. 
The use of NRZI coding with SDLC transmission 
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guarantees that within a frame, data transitions will occur 
at least every five bit times — the longest sequence of ones 
which may be transmitted without zero-bit insertion. The 
DPLL should be used only when NRZI coding is used 
since the NRZI coding will transmit zero sequence as line 
transitions. The digital phase locked loop also facilitates 
full-duplex and half-duplex asynchronous implemen- 
tation with, or without modems. 
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Digital Phase Locked Loop 


In asynchronous applications, the clock is derived from 
the receiver data stream by the use of the digital phase 
locked loop (DPLL). The DPLL requires a clock input at 32 
times the required baud rate. The receive data (RxD) is 
sampled with this 32X CLK and the 8273 DPLL supplies a 
sample pulse nominally centered on the RxD bit cells. The 
DPLL has a built-in “stiffness” which reduces sensitivity to 
line noise and bit distortion. This is accomplished by 
making phase error adjustments in discrete increments. 
Since the nominal pulse is made to occur at 32 counts of 
the 32X CLK, these counts are subtracted or added to the 
nominal, depending upon which quadrant of the four error 
quadrants the data edge occurs in. For example if an RxD 
edge is detected in quadrant A1, it is apparent that the 
DPLL sample “A” was placed too close to the trailing edge 
of the data cell; sample “B” will then be placed at T = 
(Tnominal - 2 counts), = 30 counts of the 32X CLK to move 
the sample pulse “B” toward the nominal center of the next 
bit cell. A data edge occuring in quadrant B1 would cause 
a smaller adjustment of phase with T = 31 counts of the 
32X CLK. Using this technique the DPLL pulse will 
converge to nominal bit center within 12 data bit times, 
worst case, with constant incoming RxD edges. 


A method of attaining bit synchronism following a line idle 
is to use PRE-FRAME SYNC mode of transmission. 


DPLL 
SAMPLES 


QUADRANT 


ADJUSTMENT 


Figure 7. DPLL Sample Timing 
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Synchronous Modem — Duplex or Half Duplex Operation 


RxC 
RxD 
TxC 
TxD 


32xCLK DPLL 


GND N.C. GND N.C. 


Asynchronous Modems — Duplex or Half Duplex Operation 


32xCLK DPLL 


Asynchronous — No Modems — Duplex or Half Duplex 


32xCLK DPLL 32xCLK DPLL 


8-170 AFN-00743A 


intel 8273, 8273-4, 8273-8 


SDLC Loop 


The DPLL simplifies the SDLC loop station implementa- 
tion. In this application, each secondary station on a loop 
data link is a repeater set in one-bit delay mode. The 
signals sent out on the loop by the loop controller (primary 
station) are relayed from station to station then, back to 
the controller. Any secondary station finding its address in 
the A field captures the frame for action at that station. All 
received frames are relayed to the next station on the loop. 


Loop stations are required to derive bit timing from the 
incoming NRZI data stream. The DPLL generates sample 
Rx clock timing for reception and uses the same clock to 
implement Tx clock timing. 


32xCLK DPLL 
1X LOOP — —_ 
OSCILLATOR TxC RxC 


8273 


LOOP 
CONTROLLER 


RxD RxC TxC TxD 
8273 8273 
LOOP LOOP 
TERMINAL TERMINAL 
RxD 


RxC 


32xCLK DPLL DPLL 32xCLK 


Figure 8. SDLC Loop Application 


8-171 


AFN-00743B 


intel 


8273, 8273-4, 8273-8 


PRINCIPLES OF OPERATION 


The 8273 is an intelligent peripherai controller which 
relieves the CPU of many of the rote tasks associated with 
constructing and receiving frames. It is fully compatible 
with the MCS-80/85™ system bus. As a peripheral device, 
it accepts commands from a CPU, executes these 
commands and provides an Interrupt and Result back to 
the CPU at the end of the execution. The communication 
with the CPU is done by activation of CS, RD, WR pins, 
while the Ai, Ao select the appropriate registers on the 
chip as describéd in the Hardware Description Section. 


The 8273 operation is composed of the following 
sequence of events: 


CPU WRITES COMMAND AND PARAMETERS INTO THE 
8273 COMMAND AND PARAMETER REGISTERS. 


COMMAND PHASE 
EXECUTION PHASE 
RESULT PHASE 


THE 8273 IS ON ITS OWN TO CARRY OUT THE COMMAND. 


THE 8273 SIGNALS THE CPU THAT THE EXECUTION 
HAS FINISHED. THE CPU MUST PERFORM A READ 
OPERATION OF ONE OR MORE OF THE REGISTERS. 


The Command Phase 


During the command phase, the software writes a com- 
mand to the command register. The command bytes pro- 
vide a general description of the type of operation re- 
quested. Many commands require more detailed infor- 
mation about the command. In such a case up to four 
parameters are written into the parameter register. The 
flowchart of the command phase indicates that a com- 
mand may not be issued if the Status Register indicates 
that the device is busy. Similarly if a parameter is issued 
when the Parameter Buffer shows full, incorrect operation 
will occur. 


The 8273 is a duplex device and both transmitter and 
receiver may each be executing a command or passing 
results at any given time. For this reason separate 
interrupt pins are provided. However, the command regis- 
ter must be tised for one command sequence at a time. 


Status Register 


The status register contains the status of the 8273 activity. 
The description is as follows. 


Dg 


D, Dy D4 DB. B® DB Do 


Bit 7 CBSY (Command Busy) 


Indicates in-progress command, set for CPU poll when 
Command Register is full, reset upon command phase 
completion. It is improper to write acommand when CBSY 
is set; it results in incorrect operation. 
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START 
READ 
STATUS 


MORE 
PARAMETERS 
? 


END OF COMMAND PHASE 


NO 
WRITE 
PARAMETER 


Figure 9. Command Phase Flowchart 


Bit 6 CBF (Command Buffer Full) 


Indicates that the command register is full, it is reset when 
the 8273 accepts the command byte but does not imply 
that execution has begun. 


Bit 5 CPBF (Command Parameter Buffer Full) 


CPBF is set when the parameter buffer is full, and is reset 
by the 8273 when it accepts the parameter. The CPU may 
poll CPBF to determine when additional parameters may 
be written. 


Bit 4 CRBF (Command Result Buffer Full) 


Indicates that an executed command immediate result is 
present in the Result Register. It is set by 8273 and reset 
when CPU reads the result. 
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Bit 3 RxINT (Receiver Interrupt) The Execution Phase 


RxINT indicates that the receiver requires CPU attention. 
It is identical to RxINT (pin 11) and is set by the 8273 either Upon accepting the last parameter, the 8273 enters into 


upon good/bad completion of a specified command or by the Execution Phase. The execution phase may consist 
Non-DMA data transfer. It is reset only after the CPU has of a DMA or other activity, and may or may not require 
read the result byte or has received a data byte from the CPU intervention. The CPU intervention is eliminated in 
8273 in a Non-DMA data transfer. this phase if the system utilizes DMA for the data trans- 

fers, otherwise, for non-DMA data transfers, the CPU is 
Bit 2 TxINT (Transmitter Interrupt) interrupted by the 8273 via TxINT and RxINT pins, for 
The TxINT indicates that the transmitter requires CPU each data byte request. 


attention. It is identical to TxINT (pin 2). It is set by 8273 
either upon good/bad completion of aspecified command 
or by Non-DMA data transfer. It is reset only after the CPU 
has read the result byte or has transferred transmit data The Result Phase 


byte to the 8273 in a Non-DMaA transfer. 
During the result phase, the 8273 notifies the CPU of the 


Bit 1 RxIRA (Receiver Interrupt Result Available) execution outcome of a command. This phase is initiated 
The RxIRA is set by the 8273 when an interrupt result by: 

byte is placed in the RxINT register. It is reset after the 1. The successful completion of an operation 

CPU has read the RxINT register. 2. An error detected during an operation. 

Bit 0 TxIRA (Transmitter Interrupt Result Available) To facilitate quick network software decisions, two types 
The TxIRA is set by the 8273 when an interrupt result of execution results are provided: 

byte is placed in the TxINT register. It is reset when the 1. An Immediate Result 

CPU has read the TxINT register. 2. A Non-lmmediate Result 


Oo 
~“ 

Oo 
co) 

Oo 
7) 


Receiver Interrupt Result Code | Rx Status After INT 


A match or general receive Active 
Ag match Active 
CRC error Active 
Abort detected Active 
Idle detect Disabled 
EOP detected Disabled 
Frame less than 32 bits Active 
DMA overrun detected Disabled 
Memory buffer overflow Disabled 
Carrier detect failure Disabled 
Receive interrupt overrun Disabled 


All 8 bits received 


Do received 

D4-Do received 
Do-Do received 
D3-Do received 
D4-Do received 
Ds-Do received 
Dg-Do received 


ou 6 «os 6 = 
-“aoo--300-4 
=~-3--4-00C000 = 
coo aocC Oa ao 
SOO OOO aoa ao « « 
coo ao Oc Ooo « « 
cocoa aoa aaa ao 
=-- -=-OOCACCC OO 
ecoooose sa a Hu OO oO 
=~-3- 00-4 CGO 90 0 
-=o-0-70-%04-240 


*Partial Byte Received 


Figure 10. Rx Interrupt Result Byte Format 


D7 Dg 


Ds Da D3 D2 D, Do 


0 Early transmit interrupt 
1 Frame transmit complete 
0 DMA underrun 

1 Clear to Send (CTS) error 
0 Abort complete 


Figure 11. Tx Interrupt Result Byte Format 
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Immediate result is provided by the 8273 for commands 
such as Read Port A and Read Port B which have 
information (CTS, CD, RTS, etc.) that the network 
software needs to make quick operational decisions. 


A command which cannot provide an immediate result will 
generate an interrupt to signal the beginning of the Result 
phase. The immediate results are provided in the Result 
Register; all non-immediate results are available upon 
device interrupt, through Tx Interrupt Result Register 
TxI/R or Rx Interrupt Result Register Rx!/R. The result 
may consist of a one-byte interrupt code indicating the 


condition for the interrupt and, if required, one or more 
bytes which detail the condition. 


Tx and Rx Interrupt Result Registers 


The Result Registers have a result code, the three high 
order bits D7-Ds of which are set to zero for all but the 
receive command. This command result contains a count 
that indicates the number of bits received in the last byte. If 
a partial byte is received, the high order bits of the last data 
byte are indeterminate. 


All results indicated in the command summary must be 
read during the result phase. 


INTERRUPT 


- 
NON-DMA 
MODE | 


‘ 


READ STATUS 
REGISTER 


DATA REQUEST 
NON-DMA MODE 
USE DACK + RD OR 
WR TO READ OR 
WRITE DATA 


READ I/R 
REGISTER 


READ STATUS 
REGISTER 


Figure 12. Result Phase Flowchart—interrupt Results 
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IMMEDIATE RESULTS 


AFTER COMMAND PHASE COMPLETION (READ PORT A, PORT B) 


READ STATUS READ RESULT 
REGISTER REGISTER 


Figure 13. (Rx Interrupt Service) 
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DETAILED COMMAND DESCRIPTION 


General 


The 8273 HDLC/SDLC controller supports a comprehen- 
sive set of high level commands which allows the 8273 to 
be readily used in full-duplex, half-duplex, synchronous, 
asynchronous and SDLC loop configuration, with or 
without modems. These frame-level commands minimize 
CPU and software overhead. The 8273 has address and 
control byte buffers which allow the receive and transmit 
commands to be used in buffered or non-buffered modes. 


In buffered transmit mode, the 8273 transmits a flag 
automatically, reads the Address and Control buffer 
registers and transmits the fields, then via DMA, it fetches 
the information field. The 8273, having transmitted the 
information field, automatically appends the Frame Check 
Sequence (FCS) and the end flag. Correspondingly, in 
buffered read mode, the Address and Control fields are 
stored in their respective buffer registers and only 
Information Field is transferred to memory. 


In non-buffered transmit mode, the 8273 transmits the 
beginning flag automatically, then fetches and transmits 
the Address, Control and Information fields from the 
memory, appends the FCS character and an end flag. In 
the non-buffered receive mode the entire contents of a 
frame are sent to memory with the exception of the flags 
and FCS. 


HDLC Implementation 


HDLC Address and Control field are extendable. The 
extension is selected by setting the low order bit of the 
field to be extended to a one, a zero in the low order bit 
indicates the last byte of the respective field. 


Since Address/Control field extension is normally done 
with software to maximize extension flexibility, the 8273 
does not create or operate upon contents of the extended 
HDLC Address/Control fields. Extended fields are 
transparently passed by the 8273 to user as either 
interrupt results or data transfer requests. Software must 
assemble the fields for transmission and interrogate them 
upon reception. 


However, the user can take advantage of the powerful 
8273 commands to minimize CPU/Software overhead and 
simplify buffer management in handling extended fields. 
For instance buffered mode can be used to separate the 
first two bytes, then interrogate the others from buffer. 
Buffered mode is perfect for a two byte address field. 


The 8273 when programmed, recognizes protocol 
characters unique to HDLC such as Abort, which is a 
string of seven or more ones (01111111). Since Abort 
character is the same as the GA (EOP) character used in 
SDLC Loop applications, Loop Transmit and Receive 
commands are not recommended to be used in HDLC. 
HDLC does not support Loop mode. 
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Initialization Set/Reset Commands 


These commands are used to manipulate data within the 
8273 registers. The Set commands have a single param- 
eter which is a mask that corresponds to the bits to be set. 
(They perform a logical-OR of the specified register with 
the mask provided as a parameter). The Register 
commands have a single parameter which is a mask that 
has a zero in the bit positions that are to be reset. (They 
perform a logical-AND of the specified register with the 
mask). 


Set One-Bit Delay (CMD Code A4) 


A, Ao 9, Dg 05 Dy 23 D2 Bi Dy 


ioe CALRER CARR CORSA ERE 
rat ots] t {ole} ojejele| o| 


When one bit delay is set, 8273 retransmits the received 
data stream one bit delayed. This mode is entered at a 
receiver Character boundary, and should only be used by 
Loop Stations. 


Reset One-Bit Delay (CMD Code 64) 


SMe OeeagmaeeAa & & & 


ed EEE 
co Ee 


The 8273 stops the one bit delayed retransmission mode. 


Set Data Transfer Mode (CMD Code 97) 


A, Ag BD, Dg OS & D3 D BD D 


come eee ee 
rar:|o | 1 | o fo} o}o ojo ol | 


When the data transfer mode is set, the 8273 will interrupt 
when data bytes are required for transmission or are 
available from a receive. If a transmit interrupt occurs and 
the status indicates that there is no Transmit Result 
(TxIRA = 0), the interrupt is a transmit data request. If a 
receive interrupt occurs and the status indicates that there 
is no receive result (RxIRA = 0), the interrupt is a receive 
data request. 


Reset Data Transfer Mode (CMD Code 57) 
A, Ay D, Dg Dy Dy Dz Dz, D, Dy 
cw:| ofofoptpotsyeytis{s| 
par:fo ty }ttatrfrfatsf{afo 
If the Data Transfer Mode is reset, the 8273 data transfers 


are performed through the DMA requests without interrupt: 
ing the CPU. 
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Set Operating Mode (CMD Code 91) 


A, Ag Dy Dg Dy & Ds Dy Dy D 


ewe] o}o |i] o]o]s]o]o] ss) 
me 
1 = FLAG STREAM MODE 


1 = PREFRAME SYNC MODE 


1 = BUFFERED MODE 


1 = EARLY INTERRUPT MODE 


1 = EOP INTERRUPT MODE 


1 = HDLC MODE 


Reset Operating Mode (CMD Code 51) 


hy ky hy oD ot Dy Dy DB DB By 


wget Ol CEI RT LOEB EAA 
er: Lola{its] [| | | tt | 


Any mode switches set in CMD code 91 can be reset using 
this command by placing zeros in the appropriate 
positions. 


(D5) HDLC Mode 

In HDLC mode, a bit sequence of seven ones (01111111) is 
interpreted as an abort character. Otherwise, eight ones 
(011111111) signal an abort. 


(D4) EOP Interrupt Mode 


In EOP interrupt mode, an interrupt is generated 
whenever an EOP character (01111111) is detected by an 
active receiver. This mode is useful for the implementation 
of an SDLC loop controller in detecting the end of a 
message stream after a loop poll. 


(D3) Transmitter Early Interrupt Mode (Tx) 


The early interrupt mode is specified to indicate when the 
8273 should generate an end of frame interrupt. When set, 
an early interrupt is generated when the last data 
character has been passed to the 8273. If the user software 
responds with another transmit command before the fina! 
flag is sent, the final flag interrupt will not be generated 
and a new frame will immediately begin when the current 
frame is complete. This permits frames to be separated by 
a single flag. If no additional Tx commands are provided, a 
final interrupt will follow. 


Note: In buffered mode, if a supervisory frame (no Infor- 
mation) Transmit command is sent in response to an early 
Transmit Interrupt, the 8273 will repeatedly transmit the 
same supervisory frame with one flag in between, until a 
non-supervisory transmit is issued. 


Early transmitter interrupt can be used in buffered mode 
by waiting for a transmit complete interrupt instead of 
early Transmit Interrupt before issuing a transmit frame 
command for a supervisory frame. See Figure 14. 
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Tx INTERRUPT PROCEDURE 


TRANSMIT COMPLETION 
(0DH) INTERRUPT 


(OCH) EARLY TRANSMIT 
INTERRUPT 


Tx 
FRAME 
WAITING? 


SUPERVISORY 
FRAME 


Tx 
FRAME 
WAITING? 


ISSUE TRANSMIT 
FRAME COMMAND 


CLEAR FRAME- 
WAITING CONDITION 


OTHER PROCESSING 
Figure 14. 


If this bit is zero, the interrupt will be generated only after 
the final flag has been transmitted. 


(D2) Buffered Mode 


If the buffered mode bit is set to a one, the first two bytes 
(normally the address (A) and control (C) fields) of a frame 
are buffered by the 8273. If this bit is a zero the address and 
control fields are passed to and from memory. 


(D1) Preframe Sync Mode 


If this bit is set to a one the 8273 will transmit two charac- 
ters before the first flag of a frame. 

To guarantee sixteen line transitions, the 8273 sends two 
bytes of data (00),, if NRZI is set or data (55), if NRZI is not 
set. 


(DO) Flag Stream Mode 


If this bit is set to a one, the following table outlines the 
operation of the transmitter. 


TRANSMITTER STATE ACTION 


Idle Send Flags immediately. 


Transmit or Transmit- Send Flags after the 
Transparent Active transmission complete 


Ignore command. 


Loop Transmit Active 


1 Bit Delay Active Ignore command. 
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If this bit is reset to zero the following table outlines the 
operation of the transmitter. 


TRANSMITTER STATE ACTION 


IDLE Send Idles on next character 
boundary. 


Transmit or Transmit- } Send Idles after the transmission 
Transparent Active is complete. 


Loop Transmit Active Ignore command. 
1 Bit Delay Active Ignore command. 


Set Serial |1/O Mode (CMD Code AO) 
Ay Ay OD Oe OB Oy By OS By OG 
el CREE ED 
ears [ols fotofojojo{ | | 
| 1 = NRZ1 MODE 


1 = TxC ->RxC 


1 = LOOP BACK TxD —» RxD 


Reset Serial 1/O Mode (CMD Code 60) 


This command allows bits set in CMD code AO to be reset 
by placing zeros in the appropriate positions. 


QA OBE m DB DB DD DB 
aa OBO BRE 
og CLERC 

(D2) Loop Back 


If this bit is set to a one, the transmit data is internally routed 
to the receive data circuitry. 


(D1) TxC —> RxC 


If this bit is set to a one, the transmit clock is internally 
routed to the receive clock circuitry. It is normally used 
with the loop back bit (D2). 


(D0) NRZI Mode 


If this bit is set to a one, NRZI encoding and decoding of 
transmit and receive data is provided. If this bit is a zero, the 
transmit and receive data is treated as a normal positive logic 
bit stream. 


NRZI encoding specifies that a zero causes a change in the 
polarity of the transmitted signal and a one causes no polarity 


change. NRZI is used in all asynchronous operations. 
Refer to IBM document GA27-3093 for details. 


Reset Device Command 


A, Ag D7 De Ds Dg Dz Dz Dy Do 


twe:| 1 {fo [o | ol ol o|o|o] o| 4 
mr: ito}o}o}ololojo}o]o 


An 8273 reset command is executed by outputing a (01), 
followed by (00), to the reset register (TMR). See 8273 
AC timing characteristics for Reset pulse specifica- 
tions. 
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The reset command emulates the action of the reset pin. 


1. The modem control signals are forced high (inactive 
level). 

2. The 8273 status register flags are cleared. 

3. Any commands in progress are terminated immedi- 
ately. 


4. The 8273 enters an idle state until the next command is 
issued. 

5. The Serial |/O and Operating Mode registers are set 
to zero and DMA data register transfer mode is 
selected. 

6. The device assumes a non-loop SDLC terminal role. 


Receive Commands 


The 8273 supports three receive commands: General 
Receive, Selective Receive, and Selective Loop Receive. 


General Receive (CMD Code CO) 


General receive is a receive mode in which frames are 
received regardless of the contents of the address field. 


A1 Ao D7 Dg Ds Dag D3 D2 Di Do 


LEAST SIGNIFICANT BYTE OF THE 
RECEIVE BUFFER LENGTH (BO) 
MOST SIGNIFICANT BYTE OF RECEIVE 
BUFFER LENGTH (B1) 
NOTES: 


1. If buffered mode is specified, the RO, R1 receive frame length 
(result) is the number of data bytes received. 

2. If non-buffered mode is specified, the RO, R1 receive frame 
length (result) is the number of data bytes received plus two 
(the count includes the address and control bytes). 

3. The frame check sequence (FCS) is not transferred to 
memory. 

4. Frames with less than 32 bits between flags are ignored (no 
interrupt generated) if the buffered mode is specified. 

5. In the non-buffered mode an interrupt is generated when a 
less than 32 bit frame is received, since data transfer requests 
have occurred. 

6. The 8273 receiver is always disabled when an Idle is received 
after a valid frame. The CPU module must issue a receive 
command to re-enable the receiver. 

7. The intervening ABORT character between a final flag and an 
IDLE does not generate an interrupt. 

8. If an ABORT Character is not preceded by a flag and is fol- 
lowed by an IDLE, an interrupt will be generated for the ABORT 
followed by an IDLE interrupt one character time later. The 
reception of an ABORT will disable the receiver. 


CMD: 
PAR: 


PAR: 


Selective Receive (CMD Code C1) 


Ai Ag D7 Dg Ds Dag D3 Do Dy Dog 
CMD: 


PAR: LEAST SIGNIFICANT BYTE OF THE 
, RECEIVE BUFFER LENGTH (BO) 
PAR: MOST SIGNIFICANT BYTE OF RECEIVE 
BUFFER LENGTH (B1) 


PAR: RECEIVE FRAME ADDRESS MATCH 
FIELD ONE (A1) 

PAR: RECEIVE FRAME ADDRESS MATCH 
FIELD TWO (A2) 
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Selective receive is a receive mode in which frames are 
ignored unless the address field matches any one of two 
address fields given to the 8273 as parameters. 


When selective receive is used in HDLC the 8273 looks at 
the first character, if extended, software must then decide 
if the message is for this unit. 


Selective Loop Receive (CMD Code C2) 


+ “a D7 Dg Ds Dg D3 Pr Do 


LEAST SIGNIFICANT BYTE oe THE 
RECEIVE BUFFER LENGTH (BO) 
: MOST SIGNIFICANT BYTE OF RECEIVE 
BUFFER LENGTH (B1) 
: RECEIVE FRAME ADDRESS MATCH 
FIELD ONE (A1) 
RECEIVE FRAME ADDRESS MATCH 
FIELD TWO (A2) 


Selective loop receive operates like selective receive ex- 
cept that the transmitter is placed in flag stream mode 
automatically after detecting an EOP (01111111) following 
a valid received frame. The one bit delay mode is also 
reset at the end of a selective loop receive. 


Receive Disable (CMD Code C5) 


Terminates an active receive command immediately. 


Ai Ag D7 Dg Ds Dg D3 D2 Dy Do 


oj RD ee 


PAR: NONE 


Transmit Commands 


The 8273 supports three transmit commands: Transmit 
Frame, Loop Transmit, Transmit Transparent. 


Transmit Frame (CMD Code C8) 


Ay i i Dg Ds Dag D3 7 mT oo 
ae SIGNIFICANT BYTE Be 
FRAME LENGTH (LO) 
MOST SIGNIFICANT BYTE OF 
FRAME LENGTH (L1) 
PAR: | 0 ADDRESS FIELD OF TRANSMIT FRAME (A) 
PAR: ae CONTROL FIELD OF TRANSMIT FRAME (C) 


CMD:} 0 | 


PAR: 


PAR: 


Transmits one frame including: initial flag, frame check 
sequence, and the final flag. 


If the buffered mode is specified, the LO, L1, frame length 
provided as a parameter is the length of the information 
field and the address and control fields must be input. 


In unbuffered mode the frame length provided must be the 
length of the information field plus two and the address 
and control fields must be the first two bytes of data. Thus 
only the frame length bytes are required as parameters. 
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Loop Transmit (CMD Code CA) 


Ai Ao D7 Dg Ds Dg D3 ti aa ae 


MOST SIGNIFICANT BYTE OF 
FRAME LENGTH (L1) 


par:| 0 | 1 | ADDRESS FIELD OF TRANSMIT FRAME (A) 
PAR: oy CONTROL FIELD OF TRANSMIT FRAME (C) 


Transmits one frame in the same manner as the transmit 
frame command except: 


1. If the flag stream mode is not active transmission will 
begin after a received EOP has been converted to a 
flag. 

2. If the flag stream mode is active transmission will 
begin at the next flag boundary for buffered mode or at 
the third flag boundary for non-buffered mode. 

3. At the end of a loop transmit the one-bit delay mode is 
entered and the flag stream mode is reset. 


Transmit Transparent (CMD Coded C9) 
Ai Ao D7 Dg Ds Da D3 Dog Di Do 
cmp:| o| o| 1] 1] 0 | 0| 


. FRAME LENGTH (LO) 
FRAME LENGTH (L1) 
The 8273 will transmit a block of raw data without 


protocol, i.e., no zero bit insertion, flags, or frame check 
sequences. 


Abort Transmit Commands 


An abort command is supported for each type of transmit 
command. The abort commands are ignored if a transmit 
command is not in progress. 


Abort Transmit Frame (CMD Code CC) 


Ai Ao D7 Dg Ds Dag D3 Do Dy Do 


omo:| of of 1} afololijifofo | 


PAR: NONE 


After an abort character (eight contiguous ones) is trans- 
mitted, the transmitter reverts to sending flags or idles asa 
function of the flag stream mode specified. 


Abort Loop Transmit (CMD Code CE) 


A1 Ao D7 Dg Ds Da D3 Do Dy Do 


i LIE Rae 


PAR: NONE 
After a flag is transmitted the transmitter reverts to one bit 
delay mode. 


Abort Transmit Transparent (CMD Code CD) 


Ar Ao D7 De Ds Da D3 D2 Di Do 


omo:[o[T of +[sfofo]i{ijol{r | 


PAR: NONE 


The transmitter reverts to sending flags or idles as a func- 
tion of the flag stream mode specified. 
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Modem Control Commands 


The modem control commands are used to manipulate the 
modem control ports. 


When read Port A or Port B commands are executed the 
result of the command is returned in the result register. 
The Bit Set Port B command requires a parameter that is a 
mask that corresponds to the bits to be set. The Bit Reset 
Port B command requires a mask that has a zero in the bit 
positions that are to be reset. 


Read Port A (CMD Code 22) 


Ai Ag D7 Dg Ds Dag Dz Da Dy Do 


ie CIEIERCI CEE 


PAR: NONE 


Read Port B (CMD Code 23) 
A, Ag 27 Og Ps Pe 23 22 % % 
ew: [o]ofofo}:fofofo]s|r 


PAR: NONE 


Set Port B Bits (CMD Code A3) 
This command allows user defined Port B pins to be set. 


A, Ag Dz Dg Ds Dg Dz Dg Dy Dg 
emo:[o[o[sfo[s]o| o| of 1] 1] 
par:{ofrfofo{ | | {| | | | 

USER DEFINED 


FLAG DETECT 


8273 Command Summary 


Read Port A 


NOTES: 
1. Issued only when in buffered mode. 
2. Read as results only in buffered mode. 


Command 
Command Description (HEX) Parameter Results 


[Set One Bit Delay =A Set Mask | None 
[Reset One Bit Delay | 64 | Reset Mask | None 
[Set Data Transfer Mode | 97 | SetMask | None | — 
[Reset Data Transfer Mode | 87 | Reset Mask | Nore | — 
"Set Operating Mode ——*~~«aT—~*d Set Mask | Nore <4 — —*(| SiN 
Reset Operating Mode | 51 | Reset Mask | None | =| No 
"Set Serial VO Mode ——~«| AD ~| SetMask | None ‘| — +(| No 
[Reset Serial/O Mode | _60__| Reset Mask | None | 

Receive Disbie «| ~—0S~—~| None «| (None 

LoLAoy 
Abort Transmit Freme | 6G _| None | “TO 

[22 | None | Port Value | Result 

0 
‘setPon eh ————=«;~SCAS—~*d Set Mask | None «| — ——*«Y SSN 
[ResetPon Bet «| —~63__—| Reset Mask | None | — | No 
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(D5) Flag Detect 


This bit can be used to set the flag detect pin. However, it 
will be reset when the next flag is detected. 


(D4-D1) User Defined Outputs 


These bits correspond to the state of the PB4-PB: output 
pins. 
(Do) Request to Send 


This is a dedicated 8273 modem control signal, and 
reflects the same logical state of RTS pin. 


Reset Port B Bits (CMD Code 63) 
This command allows Port B user defined bits to be reset. 


A, Ago Dz Dg Ds Dg Dz Dz Dy Do 
omo:}o[o}o{1{ 1] o| o| of 1] 1) 
par:tolrtat+{t {[ | | | | 

| RTS — REQUEST TO SEND 
USER DEFINED 


FLAG DETECT 


This command allows Port B (D4-D1) user defined bits to 
be reset. These bits correspond to Output Port pins (PB4- 
PB). 


Result Completion 
Port Interrupt 


No 
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8273 Command Summary Key 


BO — Least significant byte of the receive buffer 
length. 

B1 — Most significant byte of the receive buffer 
length. | 

LO — Least significant byte of the Tx frame length. 

L1 — Most significant byte of the Tx frame length. 

Al — Receive frame address match field one. 

A2 — Receive frame address match field two. 

A — Address field of received frame. If non-buffered 
mode is specified, this result is not provided. 

Cc — Control field of received frame. If non-buffered 


mode is specified this result is not provided. 
RX1I/R — Receive interrupt result register. 
TXI/R — Transmit interrupt result register. 


RO — Least significant byte of the length of the frame 
received. 

R1 — Most significant byte of the length of the frame 
received. 

RIC — Receiver interrupt result code. 

TIC — Transmitter interrupt result code. 


RECEIVE 
(Ro, R1) 


7 a a — FLAG 
DATA IN FLAG FCS, FLAG OR 
eLAe Lae a Cie IDLE 


COMMAND 


{ GENERAL 


DMA REQUESTS 
OR 


DATA INTERRUPTS 


Lredecoypemaaccel 
NON-BUFFERED MODE pp jae — 
CPU INTERRUPTS COMPLETE IDLE INTERRUPT 


Figure 15. Typical Frame Reception 
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LAST PARAMETER 
OF Tx COMMAND 


| |+-2 BYTES—>| 


FLAG | FLAG 
OR OR 
IDLE | IDLE 


BUFFER MODE 


wr 


EARLY FINAL 
TxINT TxINT 


Figure 16a. Typical Frame Transmission, Buffered Mode 


LAST PARAMETER 


|}~——3 BYTES——>| 


¢LAG | FLAG 
OR OR 
IDLE | IDLE 


NON-BUFFER MODE 


Figure 16b. Typical Frame Transmission, Non-Buffered Mode 


SYSTEM BUS 


8257 
DMA 
CONTROLLER 


TxDACK 
RxDRQ 
RxDACK 


' MODEM CONTROLS 


Figure 17. 8273 System Diagram 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature UnderBias ........ 0°C to 70°C 
Storage Temperature ............... -65°C to +150°C 
Voltage on Any Pin With 

RESpectto-Ground§ ..ccsiasccucvisanseays -0.5Vto+7V 
POWOSr DIGSIDAION .- cscsccacscxassseansensace ens 1 Watt 


8273, 8273-4, 8273-8 


*NOTICE: Stresses above those listed under ‘‘Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (8273, 8273-4, 8273-8) (Ta=0°C to 70°C, Voc= +5.0V + 5%) 


| Symbol | Parameter 
Input Low Voltage 
Input High Voltage 


VoL Output Low Voltage 


| You Output High Voltage 


Vou 
hie Input Load Current 
loc 


loz Off-State Output Current 
Ico Vcoc Supply Current 


[Symboi_| Parameter 
Cin Input Capacitance 


Wevos [ov [SSCS 


Min. 
| =05 | 
| 20 
fete 
a ae ee 
ae 
ae 
ae 


loL= 2.0mA for Data Bus Pins 
lo. = 1.0mA for Output Port Pins 
lo_= 1.6 mA for All Other Pins 


lon = — 200A for Data Bus Pins 
lon = —100yA for All Other Pins 


Vout= Vcc to 0V 


1/O Capacitance 


A.C. CHARACTERISTICS (T,=0°C to 70°C, Vec= +5.0V + 5%) 


CLOCK TIMING (8273) 


[—Symbor [Parameter 


Clock 


Clock Low 
Clock High 


Symbor [Parameter 


64K Baud Max 
Operating Rate 


56K Baud Max 
Operating Rate 


Test Conditions 


48K Baud Max 
Operating Rate 
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A.C. CHARACTERISTICS (8273, 8273-4, 8273-8) (Ta = 0°C to 70°C, Voc = +5.0V +5%) 


READ CYCLE 


Select Setup to RD 
Select Hold from RD 


RD Pulse Width 


a ae 

ed 

| tap _|_ Data Delay from Address fe 

tao __| Data Delay trom RD re 
C, = 20 pF for Minimum; 
150 pF for Maximum 

we 

ie a 


Output Float Delay 


DACK Setup to RD 


DACK Hold from RD 
Data Delay from DACK 


WRITE CYCLE 


Select Setup to WR 


[Unit | 
pons 
pons 
pons 
pons | 
| ns | C,=150pF, Note 2 
pons 
pons 
| ons | 


Test Conditions 


DACK Setup to WR 


DACK Hold from WR 


DMA 


| Symbol | Parameter 
' Request Hold from WR or RD 
ca (for Non-Burst Mode) 


OTHER TIMING 


| Symbol_| Parameter 

10 
[t+ | Input Signal Rise Time | 
Tt | Input Signal Fall time | ———S«dY Si 

[—tagrs | ResettoFirstiowh | 2 | sd ty | SCS 
| toysz | 32x Clock CycleTime | 9.7 -toy | te ms PO 
tose | 2X CockLowTime | 4 ty | ——+4dt_as 

[tense | 2X Clock High Time | _4-tov | ——+dtns 

[tor | DPUCOutputow | ttoy-50] its |S 
[toc | DataClocktow ——~+| ‘ttov-80 | ——~+4dt vs ‘| SSCS 
2 toy 

[tos | Data Setup Time 

| tp | Data Hold Time 


FLAG DET Output Low 


NOTES: 


1. All timing measurements are made at the reference voltages unless otherwise specified: Input ‘‘1” at 2.0V, “0” at 0.8V; 
Output “1” at 2.0V, “0” at 0.8V. 


2. tap, trp, tac, and tc, are not concurrent specs. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 DEVICE 


UNDER 
TEST POINTS TEST 


0.8 
0.45 


A.C. TESTING: INPUTS-ARE DRIVEN AT 2.4V FOR A LOGIC “1” AND 0.45V FOR 
A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC “1” C, = 150 pF 
AND 0.8V FOR A LOGIC “0. C, INCLUDES JIG CAPACITANCE 


WAVEFORMS 


tad 
tkp 


DATA BUS 
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WAVEFORMS (Continued) 


CHIP CLOCK 


32X CLOCK 


TRANSMIT 


toc. ——— tocH — 
Cl ————— nwa SSeS 


<trp 


RECEIVE 
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WAVEFORMS (Continued) 


DPLL OUTPUT 


FLAG DETECT OUTPUT 


FLAG DET 
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8274 
MULTI-PROTOCOL SERIAL 
CONTROLLER (MPSC) 


# Asynchronous, Byte Synchronous and = Byte Synchronous: 
Bit Synchronous Operation — Character Synchronization, Int. or Ext. 


= Two Independent Full Duplex — One or Two Sync Characters 
Transmitters and Receivers — Automatic CRC Generation and 


Checking (CRC-16 
= Fully Compatible with 8048, 8051, 8085, _ jam Biey’sg Compatible 
8088, and 8086 CPU’s; 8257 and 8237 
DMA Controllers; and 8089 I/O Proc. 


# Bit Synchronous: 
Be Inge enaenh Ome elenners — SDLC/HDLC Flag Generation and 
=» Baud Rate: DC to 880K Baud 


Recognition 
—Future Selections to 1M Baud — 8 Bit Address Recognition 


# Asynchronous: — Automatic Zero Bit Insertion and 
— 5-8 Bit Character; Odd, Even, or No Deletion 
Parity; 1, 1.5 or 2 Stop Bits — Automatic CRC Generation and 
—Error Detection: Framing, Overrun, Checking (CCITT-16) 
and Parity — CCITT X.25 Compatible 


The Intel® 8274 Multi-Protocol Series Controller (MPSC) is designed to interface High Speed Communications 
Lines using Asynchronous, IBM Bisync, and SDLC/HDLC protocol to Intel microcomputer systems. It can be 
interfaced with Intel’s MCS-48, -85, -51; iAPX-86, and -88 families, the 8237 DMA Controller, or the 8089 |/O 
Processor in polled, interrupt driven, or DMA driven modes of operation. 


The MPSC is a 40 pin device fabricated using Intel’s High Performance HMOS Technology. 


CHANNEL A 


eae: CrTRANS. 
MIttER fp 


CLK [1 40 Voc 

CHANNEL A a aes 

; REGISTERS CD, =n = = _ 

we co, C3 38 [-] ATS, 

CLK | CTS, RC, 37 [J mo, 
— | 

RDY,/TxDRQ, bi genie SYNDET,, crs, (6 35 [J Axc, 
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Table 1. Pin Description 


bool Md Salt Clock: System clock, TTL compat- 
ible. 


Reset: A low signal on this pin will 
force the MPSC to an idle state. 
TxD, and TxD, are forced high. The 
modem interface output signals are 
forced high. The MPSC will remain 
idle until the control registers are 
initialized. Reset must be true for 
one complete CLK cycle. 


Carrier Detect (Channel A): Car- 
rier Detect (Channel A) signals that 
the line transmission has started. 
The MPSC will begin to sample data 
on the RxD, line if modem enables 
are selected. 


Receiver Clock: The Receiver 
Clock (Channel B) clocks in data on 
the RxD, pin. 


Carrier Detect (Channel B): Car- 
rier Detect (Channel B) signals that 
the line transmission has started. 
The MPSC will begin to sample data 
on the RxD, line if modem enables 
are selected. 


Clear To Send (Channel B): Clear 
To Send (Channel B) signals that 
the modem is ready to accept data 
from the MPSC. Clear To Send will 
enable Channel B transmitter if 
modem enables are selected, 
otherwise this pin may be used as a 
general purpose input. 


Transmit Clock (Channel B): 
Transmit Clock (Channel B) for 
TxD, pin. 


Transmit Data (Channel B): This 
line transmits the serial data to the 
communications channel (Channel 
B). 


Receive Data (Channel B): This line 
receives serial data from the com- 
munications channel (Channel B). 


Synchronous Detection (Channel 
B): This pin is used in byte syn- 
chronous mode as either an internal 
sync detect (output) or as a means 
to force external synchronization 
(input). In SDLC mode, this pin is an 
output indicating Flag detection. In 
asynchronous mode it is a general 
purpose input (Channel B). Request 
To Send (Channel B) is a general 
purpose output, generally used to 
signal that Channel B is ready to 
send data. 
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RDY,/ Ready Transmit Data: In mode 0 

TxDRQ, this pin is used to synchronize data 
transfers for both Receive and 
Transmit of Channel B to the con- 
trolling processor's READY line 
(open collector). In modes 1 and 2 
this pin requests a DMA transfer of 
data for a transmit operation 
(Channel A). 


Data Bus: The Data Bus lines are 
bi-directional three state lines 
which interface with the system’s 
Data Bus. 


Lee ee ee 


Clear To Send (Channel A): This 
signals that the modem is ready to 
accept data from the MPSC. Clear 
To Send will enable Channel B 
transmitter if modem enables are 
selected, otherwise this pin may be 
used as a general purpose input. 


Request To Send (Channel A): Re- 
quest To Send (Channel A) is a gen- 
eral purpose output generally used 
to signal that Channel A is ready to 
send data. 


Transmit Data (Channel A): This 
line transmits the serial data to the 
communications channel (Channel 
A). 


Transmitter Clock (Channel A): 
The transmitter clock (Channel A) 
clocks out data on the TxD, pin. 


Receiver Clock (Channel A): The 
receiver clock (Channel A) clocksin 
data on the RxD, pin. 


Receive Data (Channel A): This 
line receives serial data from the 
communications channel (Channel 
A). 


Synchronous Detection (Channel 
A): This pin is used in byte syn- 
chronous modeas either an internal 
sync detect (output) or as a means 
to force external synchronization 
(input). In SDLC mode, this pinis an 
output indicating flag detection. In 
asynchronous mode it is a general 
purpose input (Channel A). 


: i 
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Table 1. Pin Description (Continued) 


Ready: In mode 0 this pin is used 
to synchronize data transfers for 
both receive and transmit of Chan- 
nel A to the controlling processor’s 
READY line (open collector). In 
modes 1 and 2 RxDRQ, requests a 
DMA transfer of data for a receive 
operation for Channel A. 


Data Terminal Ready: This pin is 
Data Terminal Ready (Channel A) 
which is a general purpose output. 


Interrupt Priority Out: In modes 0 
and 1, |PO is Interrupt Priority Out. It 
is used to establish a hardware 
interrupt priority scheme with IPI. It 
is low only if IPI is low and the con- 
trolling processor is not servicing 
an interrupt from this MPSC. In 
mode 2, TxDRQ, requests a DMA 
transfer of data for a transmit opera- 
tion for Channel B. 


Interrupt Priority In: In modes 0 
and 1, IPI is Interrupt Priority In. A 
low on IPI means that no higher 
priority device is being serviced by 
the controlling processor's inter- 
rupt service routine. In mode 2, 
RxDRQ, requests a DMA transfer of 
data for a receive operation for 
Channel B. 


GENERAL DESCRIPTION 


The Intel® 8274 Multi-Protocol Serial Controller is a 
microcomputer peripheral device which supports 
Asynchronous (Start/Stop), Byte Synchronous 
(Monosync, IBM Bisync), and Bit Synchronous 
(ISO's HDLC, IBM’s SDLC) protocols. This con- 
troller’s flexible architecture allows easy implemen- 
tation of many variations of these three protocols 
with low software and hardware overhead. 


The Multi-Protocol Serial Controller (MPSC) imple- 
ments two independent serial receiver/transmitter 
channels. 


The MPSC supports several microprocessor inter- 
face options; Polled, Wait, Interrupt driven and DMA 
driven. The MPSC is designed to support Intel’s® 
MCS-85 and iAPX 86, 88 families. 


This data sheet will describe the serial protocol 
functions, the microprocessor interface, a detailed 
register and command description, general system 
operations, specifications, and waveforms. 
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Interrupt: The interrupt signal in- 
dicates that the highest priority 
internal interrupt requires service 
(open collector). Priority can be re- 
solved via an external interrupt con- 
troller or a daisy-chain scheme. 


Interrupt Acknowledge: This In- 
terrupt Acknowledge allows the 
highest priority interrupting device 
to generate an interrupt vector. 


Data Terminal Ready (Channel B): 
This is a general purpose output. 


Address: This line selects Chan- 
nel A or B during data or command 
transfers. A low selects Channel A. 


Address: This line selects between - 
data or command information 
transfer. A low means data. 


Chip Select: Chip Select enables 
RD or WR. 


Read: Read controls a data byte or 
status byte transfer from the MPSC 


Write: Write controls transfer of 
data or commands to the MPSC. 


FUNCTIONAL DESCRIPTION 


This section of the data sheet describes how the 
Asynchronous and Synchronous protocols are im- 
plemented in the MPSC. It describes general con- 
siderations, transmit operation, and receive opera- 
tion for Asynchronous, Byte Synchronous, and Bit 
Synchronous protocols. 


ASYNCHRONOUS OPERATIONS 


General 


For operation in the asynchronous mode, the MPSC 
must be initialized with the following information: 
character length (WR3; D7, D6 and WR8§; D6, D5), 
clock rate (WR4; D7, D6), number of stop bits (WR4; 
D3, D2), odd, even or no parity (WR4; D1, DO), inter- 
rupt mode (WR1, WR2), and receiver (WR3; DO) or 
transmitter (WR5; D3) enable. When loading these 
parameters into the MPSC, WR4 information must 
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be written before the WR1, WR3, WR5 parameters/ 
commands. (See Detailed Command Description 
Section). 


For transmission via a modem or RS232C interface, 
the Request To Send (RTS) (WR85; D1) and Data Ter- 
minal Ready (DTR) (WR85; D7) bits must be set along 
with the Transmit Enable bit (WR5; D3). Setting the 
Auto Enables (WR3; D5) bit allows the programmer 
to send the first character of the message without 
waiting for a clear to send (CTS). 


Both the Framing Error and Receive Overrun Error 
flags are latched and cause an interrupt, i.e., if status 
affects vector (WR1B; D2) is selected, the interrupt 
vector indicates a special Receive condition. 


If the External/Status Interrupt bit (WR1; DO) is 
enabled, Break Detect (RRO; D7) and Carrier Detect 
(RRO; D3) will cause an interrupt. Reset External/ 
Status Interrupts (WRO; D5, D4, D3) will clear Break 
Detect and Carrier Detect bits if they are set. 


A status read after a data read will include error 
status for the next word in the buffer. If the Interrupt 
on First Character (WR1; D4, D3) is selected, then 
data and error status are held until an Error Reset 
command (WRO; D5, D4, D3) is given. 


If the Interrupt on Every Character Mode bit (WR1; 
D4, D3) is selected, the interrupt vector is different if 
there is an error status in RR1. When the character is 
read, the error status bit is set and the Special Re- 
ceive Condition vector is returned if Status Affects 
vector (WR1B; D2) is selected. 


In a polled environment, the Receive Character 
Available bit (RRO; DO) must be monitored so that 
the CPU can determine when data is available. The 
bit is reset automatically when the data is read. 


Asynchronous Mode 


If the X1 clock mode is selected, the bit synchroniza- 
tion must be accomplished externally. 


Transmit 


The transmit function begins when the Transmit En- 
able bit (WR5; D3) is set. The MPSC automatically 
adds the start bit, the programmed parity bit (odd, 
even or no parity) and the programmed number of 
stop bits (1, 1.5 or 2 bits) to the data character being 
transmitted. 


The Serial data is shifted out from the Transmit Data 
(TxD) output on the falling edge of the Transmit 
Clock (TxC) input, at a rate programmable to 1, 1/16, 
1/32nd, or 1/64th of the clock rate supplied to the 
TxC input. 


The TxD output is held high when the transmitter has 
no data to send, unless, under program control, the 
Send Break (WR5; D4) command is issued to hold 
the TxD low. 


If the External/STATUS Interrupt bit (WR1; DO) is set, 
the status of CD, CTS and SYNDET are monitored, 
and, if any changes occur for a period of time greater 
than the minimum specified pulse width, an inter- 
rupt is generated. CTS is usually monitored using 
this interrupt feature. 


If the Auto Enables (WR; D5) option is selected the 
programmer need not wait for the CTS before send- 
ing the first character. The MPSC will automatically 
wait for the CTS pin to go active before the transmis- 
sion begins. 


The Transmit Buffer Empty bit (RRO; D2) is set by the 
MPSC when the data byte from the buffer is loaded 
in the transmit shift register. The data is written to 
the MPSC only when the Tx buffer becomes empty to 
prevent overwriting. 


Register Setup 


_o7{| oe | os | oe | os | 2 | lt 


00 Rx 5 b/char 

01 Rx 7 b/char AUTO Rx 
10 Rx 6 b/char ENABLES ENABLE 
11 Rx 8 b/char 


00 X1 Clock 


01 X16 Clock 
10 X32 Clock 
11 X64 Clock 


00 Tx 5 b/char 
01 Tx 7 b/char 
10 Tx 6 b/char 
11 Tx 8 b/char 


8-191 


00 ENABLE SYNC 

MODES EVEN/ 
01 1 STOP BIT ODD PARITY 
101%2STOPBITS | PARITY ENABLE 
11 2 STOP BITS 
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Receive 


The receive function begins when the Receive En- 
able (WR3; DO) bit is set. If the Auto Enables (WR93; 
D5) option is selected, then Carrier Detect (CD) must 
also be low. A valid start bit is detected if a low per- 
sists for at least 1/2 bit time on the Receive Data 
(RxD) input. 


The data is sampled at mid-bit time, on the rising 
edge of RxC, until the entire character is assembled. 
The receiver inserts 1's when a character is less than 
8 bits. If parity (WR4; D1, DO) is enabled and the 
character is less than 8 bits the parity bit is not 
stripped from the character. 


The receiver also stores error status for each of the 3 
data characters in the data buffer. When a parity 
error is detected, the parity error flag (RR1; D4) is set 
and remains set until it is reset by the Error Reset 
command (WRO; D5, D4, D3). 


When acharacter is assembled without a stop bit 
being detected, the Framing Error bit (RR1; D6) is 
set. The detection of a Framing Error adds an ad- 
ditional 1/2 bit time to the character time so the 
Framing Error is not interpreted as a new start bit. 


If the CPU fails to read a data character while more 
than three characters have been received, the Re- 
ceive Overrun bit (RR1; D5) is set. Only the overwrit- 
ten character is flagged with the Receive Overrun 
bit. When this occurs, the fourth character assem- 
bled replaces the third character in the receive buf- 
fers. The Receive Overrun bit (RR1; D5) is reset by 
the Error Reset command (WRO; D5, D4, D3). 


SYNCHRONOUS OPERATION— 
MONO SYNC, BI SYNC 


General 


The MPSC must be initialized with the following pa- 
rameters: odd or even parity (WR4; D1,D0), X1 clock 
mode (WR4; D7, D6), 8- or 16-bit sync character 
(WR4; D5, D4), CRC polynomial (WR5; D2), Trans- 
mitter Enable (WR5; D3), interrupt modes (WR1, 
WR2), transmit character length (WR5; D6, D5) and 
receive character length (WR3; D7, D6). WR4 pa- 
rameters must be written before WR1, WR3, WR85, 
WR6 and WR7. 


The data is transmitted on the falling edge of the 
Transmit Clock, (TxC) and is received on the rising 
edge of Receive Clock (RxC). The X1 clock is used 
for both transmit and receive operations for all three 
sync modes: Mono, Bi and External. 


Transmit Set-Up—Monosync, Bisync 


Transmit data is held high after channel reset, or if 
the transmitter is not enabled. A break may be pro- 
grammed to generate a spacing line that begins as 
soon as the Send Break (WR5; D4) bit is set. With the 
transmitter fully initialized and enabled, the default 
condition is continuous transmission of the 8- or 
16-bit sync character. 


Using interrupts for data transfer requires that the 
Transmit Interupt/DMA Enable bit (WR1; D1) be set. 
An interrupt is generated each time the transmit buf- 
fer becomes empty. The interrupt can be satisfied 


Synchronous Mode Register Setup—Monosync, Bisync 


00 Rx 5 b/char 
01 Rx 7 b/char 
10 Rx 6 b/char 
11 Rx 8 b/char 


AUTO 
ENABLES 


00 8bit Sync 
01 16 bit Sync 
11 Ext Sync 


00 Tx 5 b/char 
01 Tx 7 b/char 
10 Tx 6 b/char 
11 Tx 8 b/char 


SEND 
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_o7 | pe | ps | es 


BREAK 


SYNC 
Rx CRC CHAR Rx 
ENABLE LOAD ENABLE 
INHIBIT 
EVEN/ 
ODD PARITY 
PARITY ENABLE 
Tx meumore RTS Tx CRC 
ENABLE CRC-16) ENABLE 
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either by writing another character into the transmit- 
ter or by resetting the Transmitter Interrupt/DMA 
Pending latch with a Reset Transmitter Interrupt/ 
DMA Pending Command (WRO; D5, D4, D3). If noth- 
ing more is written into the transmitter, there can be 
no further Transmit Buffer Empty interrupt, but this 
situation does cause a Transmit Underrun condition 
(RRO; D6). 


Data Transfers using the RDY signal are for software 
controlled data transfers such as block moves. RDY 
tells the CPU that the MPSC is not ready to accept/ 
provide data and that the CPU must extend the 
output/input cycle. DMA data transfers use the 
TxDRQ A/B signals which indicate that the transmit 
buffer is empty, and that the MPSC is ready to accept 
the next data character. If the data character is not 
loaded into the MPSC by the time the transmit shift 
register is empty, the MPSC enters the Transmit 
Underrun condition. 


The MPSC has two programmable options for solv- 
ing the transmit underrun condition: it can‘insert 
sync characters, or it can send the CRC characters 
generated so far, followed by sync characters. Fol- 
lowing a chip or channel reset, the Transmit 
Underrun/EOM status bit (RRO; D6) is in a set condi- 
tion allowing the insertion of sync characters when 
there is no data to send. The CRC is not calculated 
on these automatically inserted sync characters. 
When the CPU detects the end of message, a Reset 
Transmit Underrun/EOM command can be issued. 
This allows CRC to be sent when the transmitter has 
no data to send. 


In the case of sync insertion, an interrupt is gener- 
ated only after the first automatically inserted sync 
character has been loaded in Transmit Shift Regis- 
ter. The status indicates the Transmit Underrun/ 
EOM bit and the Transmit Buffer Empty bit are set. 


In the case of CRC insertion, the Transmit 
Underrun/EOM bit is set and the Transmit Buffer 
Empty bit is reset while CRC is being sent. When 
CRC has been completely sent, the Transmit Buffer 
Empty status bit is set and an interrupt is generated 
to indicate to the CPU that another message can 
begin (this interrupt occurs because CRC has been 
sent and sync has been loaded into the Tx Shift Reg- 
ister). If no more messages are to be sent, the pro- 
gram can terminate transmission by resetting RTS, 
and disabiling the transmitter (WR5; D3). 


Bisync CRC Generation. Setting the Transmit CRC 
enable bit (WR5; DO) indicates CRC accumulation 
when the program sends the first data character to 


8-193 


8274 


PRELIMINARY 


the MPSC. Although the MPSC automatically 
transmits up to two sync characters (16 bit sync), itis 
wise to send a few more sync characters ahead of 
the message (before enabling Transmit CRC) to 
ensure synchronization at the receiving end. 


The Transmit CRC Enable bit can be changed on the 
fly any time in the message to include or exclude a 
particular data character from CRC accumulation. 
The Transmit CRC Enable bit should be in the de- 
sired state when the data character is loaded from 
the transmit shift register. To ensure this bit in the 
proper state, the Transmit CRC Enable bit must be 
issued before sending the data character to the 
MPSC. 


Transmit Transparent Mode. Transparent mode 
(Bisync protocol) operation is made possible by the 
ability to change Transmit CRC Enable on the fly and 
by the additional capability of inserting 16 bit sync 
characters. Exclusion of DLE characters from CRC 
calculation can be achieved by disabling CRC calcu- 
lation immediately preceding the DLE character 
transfer to the MPSC. 


In the transmit mode, the transmitter always sends 
the programmed number of sync bits (8 or 16) (WR4; 
D5, D4). When in the Monosync mode, the transmit- 
ter sends from WR6 and the receiver compares 
against WR7. One of two CRC polynomials, CRC 16 
or SDLC, may be used with synchronous modes. In 
the transmit initialization process, the CRC 
generator is initialized by setting the Reset Transmit 
CRC Generator command (WRO; D7, D6). 


The External/Status interrupt (WR1; DO) mode can 
be used to monitor the status of the CTS input as 
well as the Transmit Underrun/EOM latch. Option- 
ally, the Auto Enable (WR3; D5) feature can be used 
to enable the transmitter when CTS is active. The 
first data transfer to the MPSC can begin when the 
External/Status interrupt occurs (CTS (RRO; D5) 
status bit set) following the Transmit Enable com- 
mand (WR85; D3). 


Receive 


After a channel reset, the receiver is in the Hunt 
phase, during which the MPSC looks for character 
synchronization. The Hunt begins only when the re- 
ceiver is enabled and data transfer begins only when 
character synchronization has been achieved. If 
character synchronization is lost, the hunt phase 
can be re-entered by writing the Enter Hunt Phase 
(WR3; D4) bit. The assembly of received data con- 
tinues until the MPSC is reset or until the receiver is 
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disabled (by command or by CD while in the Auto 
Enables mode) or until the CPU sets the Enter Hunt 
Phase bit. Under program control, all the leading 
sync characters of the message can be inhibited 
from loading the receive buffers by setting the Sync 
Character Load Inhibit (WR3; D1) bit. After character 
synchronization is achieved the assembled charac- 
ters are transferred to the receive data FIFO. 


Data may be transferred with or without interrupts. 
Transferring data without interrupts is used for a 
purely polled operation or for off-line conditions. 
There are three interrupt modes available for data 
transfer: Interrupt on First Character Only, Interrupt 
on Every Character, and Special Receive Conditions 
Interrupt. 


Interrupt on First Character Only mode is normally 
used to start a polling loop, a block transfer se- 
quence using RDY to synchronize the CPU to the in- 
coming data rate ora DMAtransfer using the RxDRQ 
signal. The MPSC interrupts on the first character 
and thereafter only interrupts after a Special Re- 
ceive Condition is detected. This mode can be 
reinitialized using the Enable Interrupt On Next Re- 
ceive Character (WRO; D5, D4, D3) command which 
allows the next character received to generate an 
interrupt. Parity Errors do not cause interrupts, but 
End of Frame (SDLC operation) and Receive Over- 
run do cause interrupts in this mode. If the external 
status interrupts (WR1; DO) are enabled an interrupt 
may be generated any time the CD changes state. 


Interrupt On Every Character mode generates an 
interrupt whenever a character enters the receive 
buffer. Errors and Special Receive Conditions gen- 
erate a special vector if the Status Affects Vector 
(WR1B; D2) is selected. Also the Parity Error may be 


programmed (WR1; D4, D3) not to generate the spe- 
cial vector while in the Interrupt On Every Character 
mode. 


The Special Receive Condition interrupt can only 
occur while in the Receive Interrupt On First Charac- 
ter Only or the Interrupt On Every Receive Character 
modes. The Special Receive Condition interrupt is 
caused by the Receive Overrun (RR1; D5) error con- 
dition. The error status reflects an error in the cur- 
rent word in the receive buffer, in addition to any 
Parity or Overrun errors since the last Error Reset 
(WRO; D5, D4, D3). The Receive Overrun and Parity 
error status bits are latched and can only be reset by 
the Error Reset (WRO; D5, D4, D3) command. 


SYNCHRONOUS OPERATION—SDLC 


General 


Like the other synchronous operations the SDLC 
mode must be initialized with the following parame- 
ters: SDLC mode (WR4; D5, D4), SDLC polynomial 
(WR5; D2), Request to Send, Data Terminal Ready, 
transmit character length (WR5; D6, D5), interrupt 
modes (WR1; WR2), Transmit Enable (WR5; D3), 
Receive Enable (WR8; DO), Auto Enable (WR3; D5) 
and External/Status Interrupt (WR1; DO).WR4 
parameters must be written before WR1, WR3, 
WR5, WR6 and WR7. 


The Interrupt modes for SDLC operation are similar 
to those discussed previously in the synchronous 
operations section. 


Synchronous Mode Register Setup—SDLC/HDLC 


00 Rx 5b/char 
01 Rx 7b/char 
10 Rx 6b/char 
11 Rx 8b/char 


AUTO 
ENABLES 


(SELECTS SDLC/ 
HDLC MODE) 


00 Tx <5b/char 
01 Tx 7b/char 
10 Tx 6b/char 
11 Tx 8b/char 


-o7_|_ps_/__ps _{_ps___pp__/__p2_j pi {po _ 


0 
Tx (SELECTS 
ENABLE SDLC/ 
HDLC 
CRC) 
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ADDRESS 
CRC SEARCH 
ENABLE MODE 


Rx 
ENABLE 


RT 
cre 
ENABLE 
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Transmit 


After a channel reset, the MPSC begins sending 
SDLC flags. 


Following the flags in an SDLC operation the 8-bit 
address field, control field and information field may 
be sent to the MPSC by the microprocessor. The 
MPSC transmits the Frame Check Sequence using 
the Transmit Underrun feature. The MPSC automat- 
ically inserts a zero after every sequence of 5 con- 
secutive 1's except when transmitting Flags or 
Aborts. 


SDLC—like protocols do not have provision for fill 
characters within a message. The MPSC therefore 
automatically terminates an SDLC frame when the 
transmit data buffer and output shift register have 
no more bits to send. It does this by sending the two 
bytes of CRC and then one or more flags. This allows 
very high-speed transmissions under DMA or CPU 
control without requiring the CPU to respond 
quickly to the end-of-message situation. 


After a reset, the Transmit Underrun/EOM status bit 
is in the set state and prevents the insertion of CRC 
characters during the time there is no data to send. 
Flag characters are sent. The MPSC begins to send 
the frame when data is written into the transmit buf- 
fer. Between the time the first data byte is written, 
and the end of the message, the Reset Transmit 
Underrun/EOM (WRO; D5, D4, D1) command must 
be issued. The Transmit Underrun/EOM status bit 
(RRO; D6) is in the reset state at the end of the mes- 
sage which automatically sends the CRC 
characters. 


The MPSC may be programmed to issue a send 
Abort command (WRO; D5, D4, D3). This command 
causes at least eight 1’s but less than fourteen 1’s to 
be sent before the line reverts to continuous flags. 


Receive 


After initialization, the MPSC enters the Hunt phase, 
and remains in the Hunt phase until the first Flag is 
received. The MPSC never again enters the Hunt 
phase unless the microprocessor writes the Enter 
Hunt command. 
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The MPSC can be programmed to receive all frames 
or it can be programmed to the Address Search 
Mode. In the Address Search Mode, only frames with 
addresses that match the value in WR6 or the global 
address (OFFH) are received by the MPSC. Extended 
address recognition must be done by the micropro- 
cessor software. 


The control and information fields are received as 
data. 


SDLC/HDLC CRC calculation does not have an 8-bit 
delay, since all characters are included in the calcu- 
lation, unlike Byte Synchronous Protocols. 


Reception of an abort sequence (7 or more 1’s) will 
cause the Break/Abort bit (RRO; D7) to be set and will 
cause an External/Status interrupt, if enabled. After 
the Reset External/Status Interrupts Command has 
been issued, asecond interrupt will occur at the end 
of the abort sequence. 


MPSC 


Detailed Command Description 


GENERAL 
The MPSC supports an extremely flexible set of se- 
rial and system interface modes. 


The system interface to the CPU consists of 8 ports 
or buffers: 


lcs | a, | a. Read Operation Write Operation 


Ch. A Data Read Ch. A Data Write 
Ch. A Status Read Ch. A Command/Parameter 
Ch. B Data Read Ch. B Data Write 
Ch. B Status Read Ch. B Command/Parameter 
High Impedence High Impedence 


Data buffers are addressed by A, = 0, and Command 
ports are addressed by A, = 1. 


Command, parameter, and status information is 
held in 22 registers within the MPSC (8 write regis- 
ters and 3 read registers for each channel). They.are 
all accessed via the command ports. 


An-internal pointer register selects which of the 
command or status registers will be read or written 
during a command/status access of an MPSC 
channel. 
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COMMAND/STATUS 
POINTER 


Read Registers 


Write Registers 


Figure 3. Command/Status Register Architecture (each serial channel) 


After reset, the contents of the pointer register are into the Command/Status Pointer. The next read 
zero. The first write to acommand register causes or write operation accesses the read or write reg- 
the data to be loaded into Write Register 0 (WRO). ister selected by the pointer. The pointer is reset 
The three least significant bits of WRO are loaded after the read or write operation.is completed. 
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COMMAND/STATUS DESCRIPTION 

The following command and status bytes are used 
during initialization and execution phases of opera- 
tion. All Command/Status operations on the two 
channels are identical, and independent, except 
where noted. 


Write Register 0 (WRO): 


MSB LSB 


jor | 8 


D7 D6, D5 D4. D3 | D2 
COMMAND/STATUS POINTER 
REGISTER POINTER 


0 0 0 NULL CODE 
0 0 1 SEND ABORT (SDLC) 
0 1 0 RESET EXT/STATUS INTERRUPTS 
0 1 1 CHANNEL RESET 
1 0 0 ENABLE INTERRUPT ON NEXT Rx 
CHARACTER 
1 0 1 RESET TxINT/DMA PENDING 
1 1 0 ERROR RESET 
1 1 1 END OF INTERRUPT 
0 0 NULL CODE 
0 1 RESET Rx CRC CHECKER 
1 0 RESET Tx CRC GENERATOR 
1 1 RESET Tx UNDERRUN/EOM LATCH 


Detailed Register Description 


WRO 

D2, D1, DO—Command/Status Register Pointer bits 
determine which write-register the next byte is to be 
written into, or which read-register the next byte is to 
be read from. After reset, the first byte written into 
either channel goes into WRO. Following a read or 
write to any register (except WRO) the pointer will 
point to WRO. 


D5, D4, D3—Command bits determine which of the 
basic seven commands are to be performed. 


Command 0 


Command 1 


Command 2 


Command 3 


Command 4 


Command 5 


Command 6 


Command 7 


D7, D6 
00 
01 
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Null—has no effect. 


Send Abort—causes the genera- 
tion of eight to thirteen 1’s when 
in the SDLC mode. 


Reset External/Status Interrupts— 
resets the latched status bits of 
RRO and re-enables them, allowing 
interrupts to occur again. 


Channel Reset—resets the Latch- 
ed Status bits of RRO, the 
interrupt prioritization logic and 
all control registers for the 
channel. Four extra system 
clock cycles should be allowed 
for MPSC reset time before any 
additional commands or controls 
are written into the channel. 


Enable Interrupt on Next Receive 
Character—if the Interrupt on 
First Receive Character mode is 
selected, this command reacti- 
vates that mode after each com- 
plete message is received to 
prepare the MPSC for the next 
message. 


Reset Transmitter Interrupt/DMA 
Pending—if The Transmit 
Interrupt/DMA Enable mode is 
selected, the MPSC automatically 
interrupts or requests DMA data 
transfer when the transmit buffer 
becomes empty. When there are no 
more characters to be sent, 
issuing this command prevents 
further transmitter interrupts or 
DMA requests until the next 
character has been completely 
sent. 


Error Reset—error latches, Pari- 
ty and Overrun errors in RR1 are 
reset. 


End of Interrupt—resets the 
interrupt-in-service latch of the 
highest-priority internal device 
under service. 


CRC Reset Code 
Null—has no effect. 


Reset Receive CRC Checker— 
resets the CRC checker to 0’s. If in 
SDLC mode the CRC checker is 
initialized to all 1’s. 
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10 Reset Transmit CRC Generator D1 
—resets the CRC generator to 
0’s. If in SDLC mode the CRC 
generator’s initialized to all 1’s. 


11 Reset Tx Underrun/End of Message D2 
Latch. 


Write Register 1 (WR1): 


MSB LSB 
dati 


D4, D3 
EXT INTERRUPT 
ENABLE 00 


TxINTERRUPT/ 
DMA ENABLE 


1 = VARIABLE 
STATUS AFFECTS VECTOR 
VECTOR(CHBONLY) 0 = FIXED 
(NULL CODE CH A) VECTOR 


0 0 RxINT/DMA DISABLE 


0 1 RxINT ON FIRST CHAR OR SPECIAL 
CONDITION 


1 0 INT ON ALL Rx CHAR (PARITY AFFECTS 
VECTOR) OR SPECIAL CONDITION 


1 1 INT ON ALL Rx CHAR (PARITY DOES 
NOT AFFECT VECTOR) OR SPECIAL 
CONDITION 


D5 


1 = WAIT ON Rx, 0 = WAIT ON Tx 


MUST BE ZERO 


WAITENABLE 1 = ENABLE, 0 = DISABLE 


DO External/Status Interrupt Enable 
—allows interrupt to occur as the 
result of transitions on the CD, 
CTS or SYNDET inputs. Also 
allows interrupts as the result of a 
Break/Abort detection and termi- 
nation, or at the beginning of CRC, D6 
or sync character transmission 
when the Transmit Underrun/EOM D7 
latch becomes set. 
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Transmitter Interrupt/DMA Enable 
—allows the MPSC to interrupt or 
request a DMA transfer when the 
transmitter buffer becomes empty. 


Status Affects vector—(WR1, D2 
active in channel B only.) If this 
bit is not set, then the fixed vector, 
programmed in WR2, is returned 
from an interrupt acknowledge 
sequence. If the bit is set then the 
vector returned from an interrupt 
acknowledge is variable as shown 
in the Interrupt Vector Table. 


Receive Interrupt Mode 
Receive Interrupts/DMA Disabled 


Receive Interrupt on First Charac- 
ter Only or Special Condition 


Interrupt on All Receive Charac- 
ters or Special Condition (Parity 
Error.is a Special Receive Condi- 
tion) 


Interrupt on All Receive Charac- 
ters or Special Condition (Parity 
Error is not a Special Receive 
Condition). 


Wait on Receive/Transmit—when 
the following conditions are met 
the RDY pin is activated, otherwise 
it is held in the High-Z state. 
(Conditions: Interrupt Enabled 
Mode, Wait Enabled, CS = 0, 
AO = 0/1, and Ai: = 0). The RDY 
pin is pulled low when the trans- 
mitter buffer is full or the receiver 
buffer is empty and it is driven 
High when the transmitter buffer is 
empty or the receiver buffer is full. 
The RDY,g and RDYg may be 
wired OR connected since only 
one signal is active at any onetime 
while the other is in the High Z 
state. 


Must be Zero 


Wait Enable—enables the wait 
function. 
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Channel A 


System Configuration—These 
specify the data transfer from 
MPSC channels to the CPU, either 
interrupt or DMA based. 


Channel A and Channel B both use 
interrupts 


Channel A uses DMA, Channel B 
uses interrupt 


Channel A and Channel B both 
use DMA 


Illegal Code 


Priority—this bit specifies the 
relative priorities of the internal 
MPSC interrupt/DMA sources. 


(Highest) RxA, TxA, RxB, TxB 
ExTA, ExTB (Lowest) 


(Highest) RxA, RxB, TxA, TxB, 
ExTA, ExTB (Lowest) 


Write Register 2 (WR2): Channel A 


D5, D4, D3 


D7, D6 


BOTH INTERRUPT 
A DMA, B INT 
BOTH DMA 


ILLEGAL 


Interrupt Code—specifies the 
behavior of the MPSC when it re- 
ceives an interrupt acknowledge 
sequence from the CPU. (See Inter- 
rupt Vector Mode Table). 


Non-vectored' interrupts—in- 
tended for use with external DMA 
CONTROLLER. The Data Bus re- 
mains in a high impedence state 
during INTA sequences. 


8085 Vector Mode 1— intended for 
use as the primary MPSC in a daisy 
chained priority structure. (See 
System Interface section) 


8085 Vector Mode 2— intended for 
use aS any secondary MPSC ina 
daisy chained priority structure. 
(See System Interface section) 


8086/88 Vector Mode— intended 
for use as either a primary or 
secondary in a daisy chained 
priority structure. (See System 
Interface section) 


Must be zero. 


1 = PRIORITY RxA >RxB >TxA >TxB >EXTA* >EXTB* 
0 = PRIORITY RxA >TxA >RxB >TxB >EXTA* >EXTB* 


8085 MODE 1 


8085 MODE 2 


8086/88 MODE 


ILLEGAL 


1 = VECTORED INTERRUPT 


0 = NON 


VECTORED INTERRUPT 


MUST BE ZERO 


1 PIN 10 = SYNDET, 


0 PIN 10 = RTS, 


*EXTERNAL STATUS INTERRUPT- 
ONLY IF EXT INTERRUPT ENABLE (WR1; DO)IS SET 
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The following table describes the MPSC’s response to an interrupt acknowledge sequence: 


1 


85 Mode 1 ist INTA 
V7 - o om fa i 7 in 


2nd INTA 
3rd INTA 0000 0 0 0 0 


1100 4 14 0 41 
High Impedance 
High Impedance 


1st INTA 
2nd INTA 
3rd INTA 


85 Mode 1 


1st INTA 
2nd INTA 
3rd INTA 


High Impedance 
High Impedance 
High Impedance 


85 Mode 2 


High Impedance 
V7 V6 V5 V4 V3 V2* V1*VO0" 


86 Mode ist INTA 


ist INTA 
2nd INTA 


High Impedance 
High Impedance 


86 Mode 


*These bits are variable if the ‘status affects vector’’ mode has been programmed, (WR1B, p.2). 


Interrupt/DMA Mode, Pin Functions, and Priority 


Int/DMA 


Ch. A WR2 Pin Functions Priority 


Highest Lowest 


RDY, RDYp 
eo pik R.A, TH EX OX 


un RxA, TxA (DMA) 
RxA', RxB, TXB, EXTa, EXTp(INT) 
RxDRQa TxDRQa 
RxA, TxA (DMA) 
RxA ', RxB, TxB, EXTg, EXTp (INT) 


RxA, TxA, RxB, TxB (DMA) 
RxA!, RxB!, EXT,, EXT, (INT) 


RxA, , RxB, TxA, TxB, (DMA) 
RxA1, RxB/, EXT,, EXT. (INT) 


Ig pecial Receive Condition 
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Interrupt Vector Mode Table 


8085 Modes 
8086/88 Mode 


Note 1: Special 
Receive Condition= 
Parity Error, 

Rx Overrun Error, 
Framing Error, 

End of Frame (SDLC) 


Tx Buffer Empty 
Ext/Status Change 
Rx Char. Available 
Special Rx Condition 
(Note 1) 


Tx Buffer Empty 
Ext/Status Change 
Rx Char. Available 
Special Rx Condition 
(Note 1) 


Write Register 2 (WR2): Channel B WR2 CHANNEL B 


mS LSB D7-DO Interrupt vector—This register contains 
V7 V6 V5 V4 V3. v2. WI Vo the value of the interrupt vector placed 


on the data bus during interrupt ac- 
knowledge sequences. 


Interrupt 
Vector 


Write Register 3 (WR3): 


MSB LSB 


Rx ENABLE 


SYNC CHAR LOAD INHIBIT 


ADDR SRCH MODE (SDLC) 


Rx CRC ENABLE 


ENTER HUNT MODE 


AUTO ENABLES 


Rx 5 BITS/CHAR 


Rx 7 BITS/CHAR 


Rx 6 BITS/CHAR 


Rx 8 BITS/CHAR 
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DO 


D1 


D2 


D3 


D4 


D5 


Receiver Enable—A one enables the re- 
ceiver to begin. This bit should be set only 
after the receiver has been initialized. 


Sync Character Load Inhibit—A one pre- 
vents the receiver from loading sync 
characters into the receive buffers. 


Address Search Mode—lf the SDLC mode 
has been selected, the MPSC will re- 
ceive all frames unless this bit is a 1. If this 
bitis a1, the MPSC will receive only frames 
with address bytes that match the global 
address (OFFH) or the value loaded into 
WRE6. This bit must be zero in non-SDLC 
modes. 


Receive CRC Enable—A one in this bit 
enables (or re-enables) CRC calculation. 
CRC calculation starts with the last charac- 
ter placed in the Receiver FIFO. A zero in 
this bit disables, but does not reset, the 
Receiver CRC generator. 


Enter Hunt Phase—After initialization, the 
MPSC automatically enters the Hunt mode. 
If synchronization is lost, the Hunt phase 
can be re-entered by writing a one to this 
bit. 


Auto Enables—A one written to this bit 
causes CD to be automatic enable signal 
for the receiver and CTS to be an automatic 
enable signal for the transmitter. A zero 
written to this bit limits the effect of CD and 
CTS signals to setting/resetting their corre- 
sponding bits in the status register (RRO). 
Receive Character length 

Receive 5 Data bits/character 

Receive 7 Data bits/character 


Receive 6 Data bits/character 


Receive 8 Data bits/character 
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Write Register 4 (WR4): 


MSB 


WR4 


D1 


D3, D2 


1 = ENABLE PARITY 
0 = DISABLE PARITY 


1 = EVEN PARITY 
0 = ODD PARITY 


ENABLE SYNC MODES 
0 1 £441STOP BIT 

1 0 1.5 STOP BITS 

1 #1 42STOP BITS 

0 S8BITSYNCCHAR 
0 1 # 16BITSYNCCHAR 
1 0 SDLC/HDLC MODE (01111110) FLAG 


1 1 EXTERNAL SYNC MODE 


0 X1CLOCK 


X16 CLOCK 


0 X32 CLOCK 


X64 CLOCK 


Parity—a one in this bit causes a parity 
bit to be added to the programmed number 
of data bits per character for both the 
transmitted and received character. If the 
MPSC is programmed to receive 8 bits per 
character, the parity bit is not transferred 
to the microprocessor. With other receiver 
character lengths, the parity bit is trans- 
ferred to the microprocessor. 


Even/Odd Parity—if parity is enabled, a 
one in this bit causes the MPSC to transmit 
and expect even parity, and a zero causes 
it to send and expect odd parity. 


Stop bits/sync mode 
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0 0 Selects synchronous modes. 

0 1 Async mode, 1 stop bit/character 

1 0 Async mode, 1-¥’2 stop bits/character 

1 1 Async mode, 2 stop bits/character 

D5,D4 Sync mode select 

0 0 8 bit sync character 

0 1 16 bit sync character 

1 0 SDLC mode (Flag sync) 

1 $1 External sync mode 

D7,D6 Clock mode—selects the clock/data rate 
multiplier for both the receiver and the 
transmitter. 1x mode must be selected for 
synchronous modes. If the 1x mode is 
selected, bit synchronization must be done 
externally. 

0 0 Clock rate = Datarate x 1 

0 1 Clock rate = Data rate x 16 

1 0 Clock rate = Data rate x 32 

1 1 Clock rate = Data rate x 64 


Write Register 5 (WRS5): 


CRC ENABLE 


RTS 


SDLC/CRC-16 (CRC MODE) 


Tx 5 BITS OR LESS/CHAR 


Tx 7 BITS/CHAR 


Tx 6 BITS/CHAR 


Tx 8 BITS/CHAR 
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D1 


D2 


D3 


D4 


D6, DS 
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Transmit CRC Enable—a one in this bit 
enables the transmitter CRC generator. 
The CRC calculation is done when a 
character is moved from the transmit 
buffer into the shift register. A zero in this 
bit disables CRC calculations. If this bit is 
not set when a transmitter underrun 
occurs, the CRC will not be sent. 


Request to Send—a one in this bit forces 
the RTS pin active (low) and zero in this bit 


- forces the RTS pin inactive (high). 


CRC Select—a one in this bit selects the 
CRC —16 polynomial (x1® + x15 + x2 4+ 1) 
and azero in this bit selects the CCITT-CRC 
polynomial (x16 + x15 + x5 + 14). 


Transmitter Enable—a zero in this bit 
forces a marking state on the transmitter 
output. If this bit is set to zero during data 
or sync Character transmission, the mark- 
ing state is entered after the character has 
been sent. If this bit is set to zero during 
transmission of a CRC character, sync or 
flag bits are substituted for the remainder 
of the CRC bits. 


Send Break—a one in this bit forces the 
transmit data low. A one in this bit allows 
normal transmitter operation. 


Transmit Character length 
Transmit 5 or less bits/character 
Transmit 7 bits/character 
Transmit 6 bits/character 


Transmit 8 bits/character 


Bits to be sent must be right justified least significant 
bit first, eg: 


D7 D6 D5 D4 D3 D2 D1 


0 


DO 


0 BS B4 B3 B2 Bi BO 
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Five or less mode allows transmission of one to five bits per 
character. The microprocessor must format the data in 
the following way: 


D7 D6 D5 D4 D3 


1 


1 


D7 


Write Register 6 (WR6): 


WR6 


1 1 
1 1 
1 0 
0 60 
0 0 


1 


O° 
0 O 
0 @6B3 
B4 B3 


1 


D2 Di DO 
1 1 BO 
O Bi BO 
B2 B1 BO 
B2 Bi BO 
B2 Bi BO 


Sends one data bit 

Sends two data bits 
Sends three data bits 
Sends four data bits 


Sends five data bits 


Data Terminal Ready—when set, this bit 
forces the DTR pin active (low). When 
reset, this bit forces the DTR pin inactive 


(high). 


Least significant 


Sync byte (Address 
in SDLC/HDLC Mode) 


Write Register 7 (WR7): 


WR7 
D7-D0 


D7-DO Sync/Address—this register contains the 
transmit sync character in Monosync 
mode, the low order 8 sync bits in Bisync 
mode, or the Address byte in SDLC mode. 
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Most Significant 


Sync byte (must 
be 01111110 in 
SDLC/HDLC Mode) 


Sync/Flag—this register contains the re- 
ceive sync character in Monosync mode, 
the high order 8 sync bits in Bisync mode, 
or the Flag character (01111110) in SDLC 
mode. WR7 is not used in External Sync 


mode. 
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Read Register 0 (RRO): 


RRO 


DO 


D1 


D2 


D3 


MSB LSB 


Receive Character Available—this bit is 
set when the receive FIFO contains data 
and is reset when the FIFO is empty. 


Interrupt Pending*—This Interrupt-Pend- 
ing bit is reset when an EOI command is 
issued and there is no other interrupt re- 
quest pending at that time. 


Transmit Buffer Empty—This bit is set 
whenever the transmit buffer is empty 
except when CRC characters are being 
sent in a synchronous mode. This bit is 
reset when the transmit buffer is loaded. 
This bit is set after an MPSC reset. 


Carrier Detect—This bit contains the state 
of the CD pin at the time of the last change 
of any of the External/Status bits (CD, 
CTS, Sync/Hunt, Break/Abort, or Tx 
Underrun/EOM). Any change of state of the 
CD pin causes the CD bit to be latched and 
causes an External/Status interrupt. This bit 
indicates current state of the CD pin im- 
mediately following a Reset External/Status 
Interrupt command. 


*In vector mode this bit is set at the falling edge of 
the second INTA in an INTA cycle for an internal 
interrupt request. In non-vector mode, this bit is 
set at the falling edge of RD input after pointer 2 
is specified. This bit is always zero in Channel B. 


Rx CHAR AVAILABLE 


Int PENDING (CHA ONLY) 


Tx BUFFER EMPTY 


CARRIER DETECT 


SYNC/HUNT 


CTS 


EXTERNAL STATUS 
INTERRUPT MODE 


Tx UNDERRUN/EOM 


BREAK/ABORT 


D4 
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Sync/Hunt—In asynchronous modes, the 
operation of this bit is similar to the CD 
status bit, except that Sync/Hunt shows the 
state of the SYNDET input. Any High-to- 
Low transition on the SYNDET pin sets this 
bit, and causes an External/Status inter- 
rupt (if enabled). The Reset External/Status 
Interrupt command is issued to clear the 
interrupt. A Low-to-High transition clears 
this bit and sets the External/Status inter- 
rupt. When the External/Status interrupt is 
set by the change in state of any other input 
or condition, this bit shows the inverted 
state of the SYNDET pin at time of the 
change. This bit must be read immediately 
following a Reset External/Status Interrupt 
command to read the current state of the 
SYNDET input. 


In the External Sync mode, the Sync/Hunt 
bit operates in a fashion similar to the 
Asynchronous mode, except the Enter 
Hunt Mode control bit enables the external 
sync detection logic. When the External 
Sync Mode and Enter Hunt Mode bits are 
set (for example, when the receiver is 
enabled following a reset), the SYNDET 
input must be held High by the external 
logic until external character synchroniza- 
tion is achieved. A High at the SYNDET 
input holds the Sync/Hunt status in the 
reset condition. 
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When external synchronization is 
achieved, SYNDET must be driven Low on 
the second rising edge of RxC after the 
rising edge of RxC on which the last bit of 
the sync character was received. In other 
words, after the sync pattern is detected, 
the external logic must wait for two full 
Receive Clock cycles to activate the SYN- 
DET input. Once SYNDET is forced Low, it 
is good practice to keep it Low until the 
CPU informs the external sync logic that 
synchronization has been lost or a new 
message is about to start. The High-to-Low 
transition of the SYNDET output sets the 
Sync/Hunt bit, which sets the External/ 
Status interrupt. The CPU must clear the 
interrupt by issuing the Reset External/ 
Status Interrupt Command. 


When the SYNDET input goes High again, 
another External/Status interrupt is gener- 
ated that must also be cleared. The Enter 
Hunt Mode control bit isset whenever 
character synchronization is lost or the end 
of message is detected. In this case, the 
MPSC again looks for a High-to-Low transi- 
tion on the SYNDET input and the opera- 
tion repeats as explained previously. This 
implies the CPU should also inform the ex- 
ternal logic that character synchronization 
has been lost and that the MPSC is waiting 
for SYNDET to become active. 


In the Monosync and Bisync Receive 
modes, the Sync/Hunt status bit is initially 
set to 1. by the Enter Hunt Mode bit. The 
Sync/Hunt bit is reset when the MPSC es- 
tablishes character synchronization. The 
High-to-Low transition of the Sync/Hunt bit 
Causes an. External/Status interrupt that 
must be cleared by the CPU issuing the 
Reset External/Status Interupt command. 
This enables the MPSC to detect the next 
transition of other External/Status bits. 


When the CPU detects the end of message 
or that character synchronization is lost, it 
- sets the Enter Hunt Mode control bit, which 
sets the Sync/Hunt bit to 1. The Low-to- 
High transition of the Sync/Hunt bit sets the 
-External/Status Interrupt, which must also 
be cleared by the Reset External/Status 
Interrupt Command. Note that the SYNDET 
pin acts as an output in this mode, and 
goes low every time a sync pattern is de- 
tected in the data stream. 
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D6 
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In the SDLC mode, the Sync/Hunt bit is 
initially set by the Enter Hunt mode bit, or 
when the receiver is disabled. In any case, it 
is reset to 0 when the opening flag of t he 
first frame is detected by the MPSC. The 
External/Status interrupt is also generated, 
and should be handled as discussed 
previously . 


Unlike the Monosync and Bisync modes, 
once the Sync/Hunt bit is reset in the SDLC 
mode, it does not need to be set when the 
end of message is detected. The MPSC au- 
tomatically maintains synchronization. 
The only way the Sync/Hunt bit can be set 
again is by the Enter Hunt Mode bit, or by 
disabling the receiver. 


Clear to Send—this bit contains the in- 
verted state of the CTS pin at the time of the 
last change of any of the External/Status 
bits (CD, CTS, Sync/Hunt, Break/Abort, or 
Tx Underrun/EOM). Any change of state of 
the CTS pin causes the CTS bit to be 
latched and causes an External/Status 
interrupt. This bit indicates the inverse of 
the current state of the CTS pin im- 
mediately following a Reset External/ 
Status Interrupt command. 


Transmitter Underrun/End of Message— 
this bit isin aset condition following a reset 
(internal or external). The only command 
that can reset this bit is the Reset Transmit 
Underrun/EOM Latch command (WRO, Dg 
and Dz). When the Transmit Underrun con- 
dition occurs, this bit is set, which causes 
the External/Status Interrupt which must 
be reset by issuing a Reset External/Status 
command (WRO; command 2). 


Break/Abort—in the Asynchronous Re- 
ceive mode, this bit is set when a Break 
sequence (null character plus framing 
error) is detected in the data stream. The 
External/Status interrupt, if enabled, is set 
when break is detected. The interrupt ser- 
vice routine must issue the Reset 
External/Status Interrupt command (WRO, 
Command 2) to the break detection logic 
so the Break sequence termination can be 
recognized. , 
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SDLC Residue Code Table (i Field Bits in 2 Previous Bytes) 


8 bits/char 


ee ee ee 
ee ae 
po fT os J 
poo | 6 
a 
re a 
Se 
a | oo 


The Break/Abort bit is reset when the ter- 
mination of the Break sequence is detected 
in the incoming data stream. The termina- 
tion of the Break sequence also causes the 
External/Status interrupt to be set. The 
Reset External/Status Interrupt command 
must be issued to enable the break detec- 
tion logic to look for the next Break se- 
quence. A single extraneous null character 
is present in the receiver after the termina- 
tion of a break; it should be read and 
discarded. 


In the SDLC Receive mode, this status bit is 
set by the detection of an Abort sequence 
(seven or more 1’s). The External/Status 
interrupt is handled the same way as in the 
case of a Break. The Break/Abort bit is not 
used in the Synchronous Receive: mode. 


7 bits/char 6 bits/char 
2nd Prev.| Previous | 2nd Prev. | Previous | 2nd Prev. 
Byte Byte Byte Byte Byte 


DO 


D3, D2, D1 


D4 
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All sent—this bit is set when all cnarac- 
ters have been sent, in asynchronous 
modes. It is reset when characters are in 
the transmitter, in asynchronous modes. 
In synchronous modes, this bit is always 
set. 


Residue Codes—bit synchronous pro- 
tocols allow I-fields that are not an inte- 
gral number of characters. Since trans- 
fers from the MPSC to the CPU are char- 
acter oriented, the residue codes 
provide the capability of receiving 
leftover bits. Residue bits are right jus- 
tified in the last two data bytes received. 


Parity Error—lf parity is enabled, this bit 
is set for received characters whose par- 
ity does not match the programmed 
sense (Even/Odd). This bit is latched. 
Once an error occurs, it remains set until 
the Error Reset command is written. 
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Read Register 1 (RR1): (Special Receive Condition Mode) 


MSB LSB 


jor] or Jor | oJ oo oa or | ow 
_ a ee 


ALL SENT 


| FIELD BITS | FIELD BITS 
CSF SCOPREVIOUS BYTE) =—s- 2ND PREVIOUS BYTE 


D5 


D6 


00 
0 0 
0 1 
0 1 


1 °0 


Receive Overrun Error—this bit indi- 
cates that the receive FIFO has been 
overloaded by the receiver. The last 
character in the FIFO is overwritten and 
flagged with this error. Once the over- 
written character is read, this error con- 
dition is latched until reset by the Error 
Reset command. If the MPSC is in the 
status affects vector mode, the overrun 
Causes a special Receive Condition 
Vector. 


CRC/Framing Error—Iin async modes, a 
one in this bit indicates a receive fram- 


PARITY ERROR 


4 


RESIDUE DATA 
8 BITS/CHAR. MODE 


Rx OVERRUN ERROR 


CRC/FRAMING ERROR 


END OF FRAME (SDLC/HDLC MODE) 


D7 
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ing error. In synchronous modes, a one 
in this bit indicates that the calculated 
CRC value does not match the last two 
bytes received. It can be reset by issuing 
an Error Reset command. 


End of Frame—this bit is valid only in 
SDLC mode. A one indicates that a valid 
ending flag has been received. This bit is 
reset either by an Error Reset command 
Or upon reception of the first character 
of the next frame. 
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Read Register 2 (RR2): 


MSB LSB 
v7 V6 V5 V4* V3* \v2* vVi* vo" 


Interrupt *Variable in 
Status Affects 
—— Vector Mode (WR1; D2) 


RR2 Channel B 

D7-DO Interrupt vector—contains the interrupt 
vector programmed into WR2. If the status 
affects vector mode is selected, it contains 
the modified vector. (See WR2) RR2 con- 
tains the modified vector for the highest 
priority interrupt pending. If no interrupts 
are pending, the variable bits in the vector 
are set to one. 


SYSTEM INTERFACE 


General 

The MPSC to Microprocessor System interface can 
be configured in many flexible ways. The basic inter- 
face types are polled, wait, interrupt driven, or direct 
memory access driven. 


Polled operation is accomplished by repetitively 
reading the status of the MPSC, and making deci- 
sions based on that status. The MPSC can be polled 
at any time. 


Wait operation allows slightly faster datathroughput 
for the MPSC by manipulating the Ready input tothe 
microprocessor. Block Read or Write Operations to 
the MPSC are started at will by the microprocessor 
and the MPSC deactivates its RDY signal if it is not 
yet ready to transmit the new byte, or if reception of 
new byte is not completed. 


Interrupt driven operation is accomplished via an 
internal or external interrupt controller. When the 
MPSC requires service, it sends an interrupt request 
signal to the microprocessor, which responds with 
an interrupt acknowledge signal. When the internal 
or external interrupt controller receives the ac- 
knowledge, it vectors the microprocessor to a ser: 
vice routine, in which the transaction occurs. 
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DMA operation is accomplished via an external DMA 
controller. When the MPSC needs a data transfer, it 
request a DMA cycle from the DMA controller. The 
DMA controller then takes control of the bus and 
simultaneously does a read from the MPSC and a 
write to memory or vice-versa. 


The following section describes the many config- 
urations of these basic types of system interface 
techniques for both serial channels. 


Polled Operation: 


In the polled mode, the CPU must monitor the de- 
sired conditions within the MPSC by reading the ap- 
propriate bits in the read registers. All data available, 
status, and error conditions are represented by the 
appropriate bits in read registers 0 and 1 for chan- 
nels A and B. 


There are two ways in which the software task of 
monitoring the status of the MPSC has been re- 
duced. One is the ‘‘ORing’”’ of all conditions into the 
Interrupt Pending bit. (RRO; D1 channel A only). This 
bit is set when the MPSC requires service, allowing 
the CPU to monitor one bit instead of four status reg- 
isters. The other is available when the ‘‘status- 
affects-vector’’ mode is selected. By reading RR2 
Channel B, the CPU can read a vector who’s value 
will indicate that one or more of group of conditions 
has occurred, narrowing the field of possible condi- 
tions. See WR2 and RR2 in the Detailed Command 
Description section. 


Software Flow, Polled Operation 


READ RRO READ RRO 


READ Rx DATA 


RECEIVE TRANSMIT 
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Hardware Configuration, Polled Operation 


\ ADDRESS BUS 


WAIT OPERATION: 

Wait Operation is intended to facilitate data trans- 
mission or reception using block move operations. If 
a block of data is to be transmitted, for example, the 
CPU can execute a String I/O instruction to the 
MPSC. After writing the first byte, the CPU will at- 
tempt to write a second byte immediately as is the 
case of block move. The MPSC forces the RDY 
signal low which inserts wait states in the CPU's 
write cycle until the transmit buffer is ready to ac- 
cept a new byte. At that time, the RDY signal is high 
allowing the CPU to finish the write cycle. The CPU 
then attempts the third write and the process is 
repeated. 


Similar operation can be programmed for the re- 
ceiver. During initialization, wait on transmit (WR2; 
D5 = 0) or wait on receive (WR1; D5 = 1) can be 
selected.The wait operation can be enabled/ 
disabled by setting/resetting the Wait Enable Bit 
(WR1; D7). 


CAUTION: ANY CONDITION THAT CAN CAUSE THE 
TRANSMITTER TO STOP (EG, CTS GOES INAC- 
TIVE) OR THE RECEIVER TO STOP (EG, RX DATA 
STOPS) WILL CAUSE THE MPSC TO HANG THE 
CPU UP IN WAIT STATES UNTIL RESET. EXTREME 
CARE SHOULD BE TAKEN WHEN USING THIS FEA- 
TURE. 


INTERRUPT DRIVEN OPERATION: 

The MPSC can be programmed into several inter- 
rupt modes: Non-Vectored, 8085 vectored, and 
8088/86 vectored. In both vectored modes, multiple 
MPSC’s can be daisy-chained. 


In the vectored mode, the MPSC responds to an 
interrupt acknowledge sequence by placing a call 
instruction (8085 mode) and interrupt vector (8085 
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and 8088/86 mode) on the data bus. In the non- 
vectored mode, the MPSC does not respond to INTA 
sequences and must rely on an external interrupt 
controller such as the 8259A. 


The MPSC can be programmed to cause an interrupt 
due to up to 14 conditions in each channel. The 
status of these interrupt conditions is contained in 
Read Registers 0 and 1. These 14 conditions are all 
directed to cause 3 different types of internal inter- 
rupt request for each channel: receive/interrupts, 
transmit interrupts and external/status interrupts (if 
enabled). 


This results in up to 6 internal interrupt request 
signals. The priority of those signals can be pro- 
grammed to one of two fixed modes: 

Highest Priority Lowest Priority 


RxA RxB TXA TXB ExTA’ ExTB 
RxA TxA RxB TXB ExTA ExTB 


The interrupt priority resolution works differently for 
vectored and non-vectored modes. 


PRIORITY RESOLUTION: VECTORED MODE 

Any interrupt condition can be accepted internally 
to the MPSC at any time, unless the MPSC’s internal 
INTA signal is active, unless a higher priority inter- 
rupt is currently accepted, or if IPI is inactive (high). 
The MPSC’s internal INTA is set on the leading (fall- 
ing) edge of the first External INTA pulse and reset 
on the trailing (rising) edge of the second External 
INTA pulse. After an interrupt is accepted internally, 
an External INT request is generated and the IPO 
goes inactive. IPO and IPI are used for daisy- 
chaining MPSC’s together. 
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Interrupt Condition Grouping 


CONDITION 


RECEIVE CHARACTER“, 


SPECIAL 
RECEIVE 
CONDITION 

TERRUPT 


PARITY ERROR 

RECEIVE OVERRUN ERROR 
FRAMING ERROR 

END OF FRAME (SDLC ONLY) 


FIRST DATA CHARACTER 
FIRST NON-SYNC CHARACTER (SYNC MODES) 
VALID ADDRESS BYTE (SDLC ONLY) 


CD TRANSITION 

CTS TRANSITION 

SYNC TRANSITION 

Tx UNDERRUN/EOM 
BREAK/ABORT DETECT 


TRANSMIT BUFFER EMPTY 


INTERNAL 
INTERRUPT 
ACCEPTED 


) 


INTERRUPT 
(EXTERNAL) 


INTA 
(EXTERNAL) 


INTERNAL INTERRUPT 
REQUEST 


INTERRUPT ON ALL 
RECEIVE CHARACTERS 


RECEIVE 
INTERRUPT 


INTERRUPT ON FIRST 
R, CHARACTER 


EXTERNAL/ 
STATUS 
INTERRUPT 


TRANSMIT 
INTERRUPT 


LOWER PRIORITY INTERRUPTS NOT ACCEPTED 


PRIORITY > | 
RESOLVED 


HIGHER 
PRIORITY 
INTERRUPTS 
ACCEPTED 


INTA 
(INTERNAL) 


The MPSC’s internal INTA is set on the leading (fall- 
ing) edge of the first external INTA pulse, and reset 
on the trailing (rising) edge of the second external 
INTA pulse. After an interrupt is accepted internally, 


Q\ 


HIGHER 
PRIORITY 

\* INTERRUPTS 
ACCEPTED 


NO INTERRUPTS 
ACCEPTED 


an external INT request is generated and IPO goes 
inactive (high). IPO and IPI are used for daisy- 
chaining MPSC’s together. 
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In-Service Timing 


INTERNAL INTERRUPT 
ACCEPTED 


INTERRUPT 
(EXTERNAL) 


INTA 
(EXTERNAL) 


INTA 
(INTERNAL) 


IN-SERVICE 
(INTERNAL) 


Each of the six interrupt sources has an associated highest priority In-Service latch is set. After the In- 
In-Service latch. After priority has been resolved, the Service latch is set, the INT pin goes inactive (high). 
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EOI Command Timing 


SERVICE 
ROUTINE 


INTERNAL INTERRUPT 
ACCEPTED 


INTERRUPT 
(EXTERNAL) 


(EXTERNAL) 


INTA / \ 
(INTERNAL) 


IN-SERVICE 
(INTERNAL) 


EO! COMMAND 
(INTERNAL) 


Lower priority interrupts are not accepted internally 
while the In-Service latch is set. However, higher 
priority interrupts are accepted internally and anew 
external INT request is generated. If the CPU re- 
sponds with a new INTA sequence, the MPSC will re- 
spond as before, suspending the lower priority 
interrupt. 


LOWER 
PRIORITY 
INTERRUPTS 
ACCEPTED 


After the interrupt is serviced, the End-of-Interrupt 
(EOI) command should be written to the MPSC. This 
commanc will cause an internal pulse that is used to 
reset the In-Service Latch which allows service for 
lower priority interrupts in the daisy-chain to re- 
sume, provided a new INTA sequence does not start 
for a higher priority interrupt (higher than the high- 
est under service). If there is no interrupt pending in- 
ternally, the IPO follows IPI. 
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Non-Vectored Interrupt Timing 


SERVICE 
ROUTINE 


LOWER PRIORITY INTERRUPTS NOT ACCEPTED 


INTERNAL INTERRUPT 
ACCEPTED 


INTERRUPT 
(EXTERNAL) 


RD 
(EXTERNAL) 


<t— HIGHER PRIORITY —> 
INTERRUPTS 


INTERNAL POINTER 
SET TO REG2 ACCEPTED 


~—*— LOWER PRIORITY INTERRUPTS NOT ACCEPTED" 


IN-SERVICE 
(INTERNAL) 


EO! COMMAND 
(INTERNAL) 


LOWER PRIORITY 
INTERRUPTS ACCEPTED 


—_—_—_—-n nm LL ey) 


PRIORITY RESOLUTION: 
NON-VECTORED MODE 


In non-vectored mode, the MPSC does not respond 
to interrupt acknowledge sequences. The MPSC 
should be programmed to the Status-Affects-Vector 
mode, and the CPU should read RR2 (Ch. B) in its 
service routine to determine which interrupt re- 
quires service. 
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In this case, the internal pointer being set to RR2 
provides the same function as the internal INTA 
signal in the vectored mode. It inhibits acceptance 
of any additional internal interrupts and its leading 
edge starts the interrupt priority resolution circuit. 
The interrupt priority resolution is ended by the lead- 
ing edge of the read signal used by the CPU to 
retrieve the modified vector. The leading edge of 
read sets the In-Service latch and forces the external 
INT output inactive (high). The internal pointer is 
reset to zero after the trailing edge of the read pulse. 


AFN-01701B 


CPU 


CF IPI 


MPSC 
HIGHEST PRIORITY 


Note that if RR2 is specified but not read, no internal 
interrupts, regardless of priority, are accepted. 


DAISY CHAINING MPSC: 

In the vectored interrupt mode, multiple MPSC’s can 
be daisy-chained on the same INT, INTA signals. 
These signals, in conjunction with the IPI and IPO 
allow a daisy-chain-like interrupt resolution 
scheme. This scheme can be configured for either 
8085 or 8086/88 based system. 


In either mode, the same hardware configuration is 
called for. The INT request lines are wire-OR’ed to- 
gether at the input of a TTL inverter which drives the 
INT pin of the CPU. The INTA signal from the CPU 
drives all of the daisy-chained MPSC’s. 


The MPSC drives IPO (Interrupt Priority Output) in- 
active (high) if IPI (Interrupt Priority Input) is inactive 
(high), or if the MPSC has an interrupt pending. 


The IPO of the highest priority MPSC is connected to 
the IPI of the next highest priority MPSC, and so on. 
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CF IPI 


MPSC MPSC 
LOWEST PRIORITY 


If IPI is active (low), the MPSC knows that all higher 
priority MPSC’s have no interrupts pending. The IPI 
pin of the highest priority MPSC is strapped active 
(low) to ensure that it always has priority over the 
rest. 


MPSC’s Daisy-chained on an 8088/86 CPU should be 
programmed to the 8088/86 Interrupt mode (WR2; 
D4, D3 (Ch. A). MPSC’s Daisy-chained on an 8085 
CPU should be programmed to 8085 interrupt mode 
1 if it is the highest priority MPSC. In this mode, the 
highest priority MPSC issues the CALL instruction 
during the first INTA cycle, and the interrupting 
MPSC provides the interrupt vector during the fol- 
lowing INTA cycles. Lower priority MPSC’s should 
be programmed to 8085 interrupt mode 2. 


MPSC’s used alone in 8085 systems should be pro- 
grammed to 8085 mode 1 interrupt operation. 
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DMA Acknowledge Circuit 


MULTIPLEXER 


DMA Timing 


DMA OPERATION 

Each MPSC can be programmed to utilize up to four 
DMA channels: Transmit Channel A, Receive Chan- 
nel A, Transmit Channel B, Receive Channel B. Each 
DMA Channel has an associated DMA Request line. 
Acknowledgement of a DMA cycle is done via nor- 
mal data read or write cycles. This is accomplished 
by encoding the DACK signals to generate Ao, Aj, 
and CS signals, and multiplexing them with the 
normal Ap, A;, and CS signals. 


PERMUTATIONS 

Channels A and B can be used with different system 
interface modes. In all cases it is impossible to poll 
the MPSC. The following table shows the possible 
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permutations of interupt, wait, and DAM modes for 
channels A and B. Bits D;, Dp of WR2 Ch. A deter- 


mine these permutations. 


Channel A Channel B 


Wait Wait 
Interrupt Interrupt 
Polled Polled 


0 1 DMA Interrupt 
Polled Polled 

10 DMA DMA 
Polled Polled 


D1, DO = 1, 1 is illegal. 


Permutation 
WR2 Ch. A 
D, Do 
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A16-A19 


74LS257 
2200 


a BOWNDA = = 


ADO-AD7 
HLDA 


cs 
(FROM 8205) 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature 
Under Bias 
Storage Temperature 
(Ceramic Package) 
(Plastic Package) 

Voltage On Any Pin With 
Respect to Ground 
Power Dissipation 


0°C to +70°C 


—65°C to + 150°C 
— 40°C to +125°C 


1.5W 


D.C. CHARACTERISTICS 


Input Low Voltage 


Input High Voltage 
Output Low Voltage 


Input Leakage Current 
Output Leakage Current 


Voc Supply Current 


CAPACITANCE 
| Symbol _ 
Ci 


Cin 


(Ta = 25°C; Vee = GND = OV) 


Input Capacitance 


Input/Output Capacitance 


= 
ee 
_ 
— 
—- 


win. [Max | Unite 
es ee a 

Cour | Outpuicapeciance [| 1 | oF | Unneanued 
ane 


*NOTICE: Stresses above those listed under ‘Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


(T, = O°C to 70°C; Veg = +5V +10%) 


Voc +0.5 


Test Conditions 
lo. = 2.0mA 
low = —200uA 
VIN = Vec to OV 
VouT = Vecto OV 


+10 


iv 
bh 


A 
A 
A 


m 


Test Conditions 


pins returned 
to GND 
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A.C. CHARACTERISTICS (1, = 0°C to 70°C; Veg = +5V +10%) 


-—Symoot [Parameter |Win | Max. | Unto | TestGondiions 
Cs Ce el ene! 
rep tk towne 05 | a000 |e 

eee cae os ON NT 
AO (A A De 
yi eax Faittine ——SssCS—~idtC 
aC, ee a a os 
[tap [AO At to Data Output Bay | «dC 
ET 
[tno | AB Ito Data Output deiey | | a0 | ne | eso 


a 
| tor | Output FloatDelay | | 120s 


ae eT a Ae a a Nae 
[tia | 68. a0, At Hold ater) P| dT 
ee = Ha me SOR 


Cin Setup to INTA| ea a 


old | iPiHoldafteriNTAT = [WFitoldateriNTAT 


— 
ee 


INTA | to Data Output Deay 


iy ogo very Tipe esupen Venues = 


| tpcer | DataClock LowTime = Clock Low Time | 180 | 


a 


RxD Setup to PRxDSetuptoAXC? 


imonameRcy [et [mf 


aR. TxC to INT yt Delay 
Te CTS, CD, SYNDET High Time |_| 2+ 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 2.0 DEVICE 
UNDER 


> TEST POINTS < TEST 


0.8 0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC "1" AND 0.45V FOR 
A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC 1" C, = 150 pF 
AND 0.8V FOR A LOGIC “0. C, INCLUDES JIG CAPACITANCE 


WAVEFORMS 


CLOCK CYCLE 


READ CYCLE 


CS, AO, Al 


HIGH IMPEDANCE 
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WAVEFORMS (Continued) 


WRITE CYCLE 


INTA CYCLE 


HIGH HIGH 
IMPEDANCE IMPEDANCE 


DMA CYCLE 


DRQ 


NOTES: 
1. INTA signal acts as RD signal. 
8-221 


2. IPI signal acts as CS signal. 
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WAVEFORMS (Continued) 
READ/WRITE CYCLE (SOFTWARE POLLED MODE) 


CS, AO, A1 


RO OR WR 


RDY, OR RDY, 


TRANSMIT DATA CYCLE 


RECEIVE DATA CYCLE 


Rxt 


OTHER TIMING 
CTS, CD, SYNDET 
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8275 
PROGRAMMABLE CRT CONTROLLER 
= Programmable Screen and Character = Fully MCS-80™ and MCS-85"™ 
Format Compatible 


= 6 Independent Visual Field Attributes 
w 11 Visual Character Attributes 


a Dual Row Buffers 


(Graphic Capability) = Programmable DMA Burst Mode 
= Cursor Control (4 Types) a Single +5V Supply 
= Light Pen Detection and Registers a 40-Pin Package 


The Intel® 8275 Programmable CRT Controller is a single chip device to interface CRT raster scan displays with 
Intel® microcomputer systems. Its primary function is to refresh the display by buffering the information from main 
memory and keeping track of the display position of the screen. The flexibility designed into the 8275 will allow simple 
interface to almost any raster scan CRT display with a minimum of external hardware and software overhead. 


CHARACTER 
COUNTER anemia 


(2) 80 xX 8 


ROW BUFFERS 


BUFFER || BUFFER 
INPUT |} OUTPUT |—) cCo_ 
CONTROL-]|CONTROL- ies 
LER LER 


(2) 16X7 


BUFFER 


1 
2 
3 
4 
5 
6 
7 
8 
9 


|): LCo_3 
ROW 
COUNTER 


RASTER TIMING 


VIDEO CONTROL 


L_ stares 
Figure 1. Block Diagram Figure 2. Pin Configuration 
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Table 1. Pin Descriptions 


Line Count: Output from the line count- +5V Power Supply. 


er which is used to address the charac- 
ter generator for the line positions on the 
screen. 


DMA Request: Output signal to the 
8257 DMA controller requesting a DMA 


DMA Acknowledge: Input signal from 
the 8257 DMA controller acknowledging 
that the requested DMA cycle has been 
granted. 


Horizontal Retrace: Output signal 
which is active during the programmed 
horizontal retrace interval. During this 
period the VSP output is high and the 
LTEN output is low. 


Vertical Retrace: Output signal which 
is active during the programmed 
vertical retrace interval. During this 
period the VSP output is high and the 


Write Input: A control signal to write 
commands into the control registers or 
write data into the row buffers during a 
DMA cycle. 


Light Pen: Input signal from the CRT 
system signifying that a light pen signal 
has been detected. 


Lines: The outputs are enabled during 
a read of the C or P ports. 


Line Attribute Codes: These attribute 
codes have to be decoded externally by 
the dot/timing logic to generate the 


horizontal and vertical line combina- 
tions for the graphic displays specified 
by the character attribute codes. 


Light Enable: Output signal used to 
enable the video signal to the CRT. This 
output is active at the programmed 
underline cursor position, and at posi- 
tions specified by attribute codes. 


Reverse Video: Output signal used to 
indicate the CRT circuitry to reverse the 
video signal. This output is active at the 
cursor position if a reverse video block 
cursor is programmed or at the posi- 
tions specified by the field attribute 
codes. 


Video Suppression: Output signal 
used to blank the video signal to the 
CRT. This output is active: 


—during the horizontal and vertical re- 
trace intervals. 


—at the top and bottom lines of rows if 
underline is programmed to be num- 
ber 8 or greater. 

—when an end of row or end of screen 
code is detected. 


—when a DMA underrun occurs. 


—at regular intervais (1/16 frame fre- 
quency for cursor, 1/32 frame fre- 
quency for character and field attri- 
butes)—to create blinking displays as 
specified by cursor, character attri- 
bute, or field attribute programming. 


General Purpose Attribute Codes: 
Outputs which are enabled by the gen- 
eral purpose field attribute codes. 


Highlight: Output signal used to inten- 
sify the display at particular positions on 
the screen as specified by the character 
attribute codes or field attribute codes. 


Character Clock (from dot/timing logic). 


Character Codes: Output from the 
row buffers used for character selection 
in the character generator. 


Chip Select: The read and write are en- 
abled by CS. 


Port Address: A high input on Apo 
selects the ‘‘C”’ port or command regis- 
ters and a low input selects the ‘‘P”’ 
port or parameter registers. 
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Data Bus Buffer 


This 3-state, bidirectional, 8-bit buffer is used to interface 
the 8275 to the system Data Bus. 


This functional block accepts inputs from the System Con- 
trol Bus and generates control signals for overall device 
operation. It contains the Command, Parameter, and Status 
Registers that store the various control formats for the 
device functional definition. 


RD (Read) 
A “low” on this input informs the 8275 that the CPU is 
reading data or status information from the 8275. 


WR (Write) 
A “low” on this input informs the 8275 that the CPU is 
writing data or control words to the 8275. 


CS (Chip Select) 

A “low” on this input selects the 8275. No reading or writ- 
ing will occur unless the device is selected. When CS is high, 
the Data Bus in the float state and RD and WR will have no 
effect on the chip. 


DRQ (DMA Request) 


A “high” on this output informs the DMA Controller that 
the 8275 desires a DMA transfer. 


DACK (DMA Acknowledge) 
A “low” on this input informs the 8275 that a DMA cycle 


is in progress. 
IRQ (Interrupt Request) 


A “high” on this output informs the CPU that the 8275 
desires interrupt service. 
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CHARACTER 
COUNTER 


(2) 80 x 8 
ROW BUFFERS 


DATA BUFFER BUFFER 
BUS (—\, INPUT OUTPUT i py CCQe 
BUFFER CONTROL-}/CONTROL- =a 
LER LER 


(2) 16 X7 


LINE 
COUNTER Ly bCO-3 


RASTER TIMING 
AND 
VIDEO CONTROL 


Figure 3. 8275:Block Diagram Showing Data Bus 
Buffer and Read/Write Functions 


Ao RD WR CS 

0 0 1 0 Write 8275 Parameter 
0 1 0 0 Read 8275 Parameter 
1 0 1 0 Write 8275 Command 
1 1 0 0 Read 8275 Status 

X 1 1 0 Three-State 

X Xx Xx 1 Three-state 
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Character Counter 


The Character Counter is a programmable counter that is 
used to determine the number of characters to be displayed 
per row and the length of the horizontal retrace interval. It 
is driven by the CCLK (Character Clock) input, which 
should be a derivative of the external dot clock. 


Line Counter 


The Line Counter is a programmable counter that is used to 
determine the number of horizontal lines (Sweeps) per 
character row. Its outputs are used to address the external 
character generator ROM. 


Row Counter 


The Row Counter is a programmable counter that is used to 
determine the number of character rows to be displayed per 
frame and length of the vertical retrace interval. 


Light Pen Registers 


The Light Pen Registers are two registers that store the con- 
tents of the character counter and the row counter when- 
ever there is a rising edge on the LPEN (Light Pen) input. 


Note: Software correction is required. 


Raster Timing and Video Controls 


The Raster Timing circuitry controls the timing of the 
HRTC (Horizontal Retrace) and VRTC (Vertical Retrace) 
outputs. The Video Control circuitry controls the genera- 
tion of LAg_; (Line Attribute), HGLT (Highlight), RVV 
(Reverse Video), LTEN (Light Enable), VSP (Video Sup- 
press), and GPAg_; (General Purpose Attribute) outputs. 


Row Buffers 


The Row Buffers are two 80 character buffers. They are 
filled from the microcomputer system memory with the 
character codes to be displayed. While one row buffer is 
displaying a row of characters, the other is being filled with 
the next row of characters. 
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CHARACTER 
COUNTER 


(2) 80 xX 8 
ROW BUFFERS 


BUFFER BUFFER 
(—\i INPUT OUTPUT = 
BUFFER CONTROL-|{CONTROL- 
LER LER 


(2) 16 X 7 


RASTER TIMING 
AND 


VIDEO CONTROL 


LIGHT PEN 
REGISTERS 


Figure 4. 8275 Block Diagram Showing Counter 
and Register Functions 


FIFOs 


There are two 16 character FIFOs in the 8275. They are 
used to provide extra row buffer length in the Transparent 
Attribute Mode (see Detailed Operation section). 


Buffer Input/Output Controllers 


The Buffer Input/Output Controllers decode the characters 
being placed in the row buffers. If the character is a charac- 
ter attribute, field attribute or special code, these con- 
trollers control the appropriate action. (Examples: An 
“End of Screen—Stop DMA” special code will cause the 
Buffer Input Controller to stop further DMA requests. A 
Highlight’ field attribute will cause the Buffer Output 
Controller to activate the HGLT output.) 
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SYSTEM OPERATION 


The 8275 is programmable to a large number of different It is designed to interface with the 8257 DMA Controller 
display formats. It provides raster timing, display row buf- and standard character generator ROMs for dot matrix 
fering, visual attribute decoding, cursor timing, and light decoding. Dot level timing must be provided by external 
pen detection. circuitry. 


SYSTEM BUS 


8257 VIDEO SIGNAL 


DMA CHARACTER oa 
CONTROLLER _————— GENERATOR 
8275 HORIZONTAL SYNC 
CRT DOT 
CONTROLLER ae VERTICAL SYNC 
INTERFACE 
ee a 


VIDEO CONTROLS 


Figure 5. 8275 Systems Block Diagram Showing Systems Operation 
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General Systems Operational Description 


The 8275 provides a ‘‘window” into the microcomputer 
system memory. 


Display characters are retrieved from memory and dis- 
played on a row by row basis. The 8275 has two row buf- 
fers. While one row buffer is being used for display, the 
other is being filled with the next row of characters to be 
displayed. The number of display characters per row and 
the number of character rows per frame are software pro- 
grammable, providing easy interface to most CRT displays. 
(See Programming Section.) 


The 8275 requests DMA to fill the row buffer that is not 
being used for display. DMA burst length and spacing is 
programmable. (See Programming Section.) 


The 8275 displays character rows one line at a time. 


1st 2nd 3rd 
Character Character Character 


4th 
Character 


The number of lines per character row, the underline posi- 
tion, and blanking of top and bottom lines are program- 
mable. (See Programming Section.) 


The 8275 provides special Control Codes which can be used 
to minimize DMA or software overhead. It also provides 
Visual Attribute Codes to cause special action or symbols 
on the screen without the use of the character generator 
(see Visual Attributes Section). 


The 8275 also controls raster timing. This is done by gen- 
erating Horizontal Retrace (HRTC) and Vertical Retrace 
(VRTC) signals. The timing of these signals is program- 
mable. 


The 8275 can generate a cursor. Cursor location and format 
are programmable. (See Programming Section.) 


The 8275 has a light pen input and registers. The light pen 
input is used to load the registers. Light pen registers can be 
read on command. (See Programming Section.) 


7th 
Character 


6th 
Character 


5th 
Character 


OOSESBBOOOBOOCOBDO Ses eBBOOCOOCOCOOOS8sEsBOOOOsBBBOOCOsBDOOsBD 


First Line of a Character Row 


7th 
Character 


3rd 
Character 


4th 
Character 


5th 
Character 


6th 
Character 


1st 2nd 
Character Character 


OOSSEBSCOO0S0D0OO8S0 OSB BBSBOOOOOOCO0SssEBOOOOS 
Os00O0Os00ssOoOOsEO OB OOOOOO000000oOsODoOOsSDOsEDO 


Og 
Os 


Second Line of a Character Row 


7th 
Character 


4th 
Character 


6th 
Character 


3rd 
Character 


5th 
Character 


1st 2nd 
Character Character 


OCOSSSBBOOCOSDOOOBD OBS SEB SBBOOOOOODOCOBSBESBOOOOSBBBOOODBODDO0BD 
OsocoooOs0DoOSsBOoCoOsBsODOBOOOOOOOOOOOODOSBODOOSOOBDOODBDOSODODOSBDO 
OBOD0ODDBSDOBDOCOOSDOBOOOOOOOOOOOOOsSOOCOsSOOsSOOOsSoOOsoooOgsD 
Third Line of a Character Row 
1st 2nd 3rd 4th 5th 6th 7th 
Character Character Character Character Character Character Character 
OOSSBBOCOBOOCOSDO BB BBBOOOCOCOOCCs ses OooosssBooosooos8D 
OsSO0O0OOBDOBBDOOsBOOBOOOOOCOOoD0DOOOsSOOOsDOsBOOOsBoOOsSoOoOoOsoO 
OBOODCOBODOBOBOOSDCOSBOODOOOOOOOOOCOOsSOOOsSODOSODOOOsSDOsSoDO0OsoO 
OBOOOOSOOSOOOOSDOS ES SBBOOOOCOOCOCOs ses OoOoOsoOoOoOsoOOsOoOsOgO 
OBODOOBODOSOOSOSBOOsSOOOO0DOOOOOOOOOsoOsOOoOoOsSOOOsSOOsOsSOsSD 
OSBOOOOSOOSOOOSSCOBOOOOOOOOODOOOOSBOOSODOSODOOOSODOSO8BDSD 
DOSSESBOOCOSDOCOSDOB SSB BBOOCOOCOOOOOBOOBODOOOOD ggB8BOOOOSOBDD 
Seventh Line of a Character Row 


Figure 6. Display of a Character Row 
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Display Row Buffering 


Before the start of a frame, the 8275 requests DMA and 
one row buffer is filled with characters. 


CHARACTER 
COUNTER 


_ (2) 80x87 
ROW BUFFERS 


READ/ 
WRITE/ 
DMA 
CONTROL 
LOGIC RASTER TIMING 
AND 
VIDEO CONTROL 


LIGHT PEN 
REGISTERS 


Figure 7. First Row Buffer Filled 


When the first horizontal sweep is started, character codes 
are output to the character generator from the row buffer 
just filled. Simultaneously, DMA begins filling the other 
row buffer with the next row of characters. 


CHARACTER 
COUNTER 


READ/ 
WRITE/ 
DMA 
CONTROL 
LOGIC RASTER TIMING 
AND 
VIDEO CONTROL 


LIGHT PEN 
REGISTERS 


Figure 8. Second Buffer Filled, First Row 
Displayed 
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After all the lines of the character row are scanned, the 
roles of the two row buffers are reversed and the same 
procedure is followed for the next row. 


CHARACTER 
COUNTER 


RASTER TIMING 
AND 
VIDEO CONTROL 


LIGHT PEN 
REGISTERS 


Figure 9. First Buffer Filled with Third Row, 
Second Row Displayed 


This is repeated until all of the character rows are dis- 
played. 
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Display Format 


Screen Format 


The 8275 can be programmed to generate from 1 to 80 
characters per row, and from 1 to 64 rows per frame. 


23456789 


1 
2 
2 
4 
5 
6 
7 
8 
9 


Figure 10. Screen Format 


The 8275 can also be programmed to blank alternate rows. 
In this mode, the first row is displayed, the second blanked, 
the third displayed, etc. DMA is not requested for the 
blanked rows. 


123456789 
2 


2 
4 
5 


Figure 11. Blank Alternate Rows Mode 
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Row Format 


The 8275 is designed to hold the line count stable while 
outputting the appropriate character codes during each 
horizontal sweep. The line count is incremented during 
horizontal retrace and the whole row of character codes are 
output again during the next sweep. This is continued until 
the whole character row is displayed. 


The number of lines (horizontal sweeps) per character row 
is programmable from 1 to 16. 


The output of the line counter can be programmed to be in 
one of two modes. 


In mode 0, the output of the line counter is the same as the 
line number. 


In mode 1, the line counter is offset by one from the line 
number. 


Note: In mode 1, while the first line (line number 0) is being dis- 
played, the /ast count is output by the line counter (see 
examples). 


Line Line 
Counter Counter 
Mode 0 Mode 1 


0000 11171 
0001 0000 
0010 0001 
0011 0010 
0100 0011 
0101 0100 
0110 0101 
0111 0110 
1000 0111 
1001 1000 
1010 1001 
1011 1010 
1100 1011 
1101 1100 
1110 1101 
1111 1110 


0 
1 
2 
3 
4 
5 
6 
Z 
8 
9 


HUGO OUGE eR eBa Ba 8 bo 
OooOoocooOoO RB BBBBBOC CD 
Oooo0n0o0ggcaogoogoogo POCO AD 
ooa0agaon0angoagaanoononvao sooo saa 
bDooaoaoongoanaoanoaananomgmaoaaaoa aa 
OBO BoOoOoOCaAaROoO oOo EO D 
boaoa0ooonoonooonoomgonomganaong 
DODOoOoodooOOeBe BBBBBOTO TCD 
GoOOAaBGARBE aA aA Bae 8 


Figure 12. Example of a 16-Line Format 


Line Line 
Line Counter Counter 
Number Mode 0 Mode 1 


0000 1001 
0001 0000 
0010 0001 
0011 0010 
0100 0011 
0101 0100 
0110 0101 
0111 0110 
1000 0111 
1001 1000 


Doaeaqcgcenovg OUD 
OOsgSBBBBOTDDA 
OoOoo0oogomg§ 00 800 
Hooo0omgoaoagngsg gc 
eee oe oe 
Oogsgesemgpepeoand 
OO OOo ef OO 


0 
1 
2 
3 
4 
5 
6 
a 
8 
9 


Figure 13. Example of a 10-Line Format 


Mode 0 is useful for character generators that leave address 
zero blank and start at address 1. Mode 1 is useful for char- 
acter generators which start at address zero. 
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Underline placement is also programmable (from line num- 
ber 0 to 15). This is independent of the line counter mode. 


If the line number of the underline is greater than 7 (line 
number MSB = 1), then the top and bottom lines will be 
blanked. 


Line Line 
Counter Counter 
Mode 0 Mode 1 


0000 1011 
0001 0000 
0010 0001 
0011 0010 
0100 0011 
0101 0100 
0110 0101 
0111 0110 
1000 0111 
1001 1000 
1010 1001 
1011 1010 


O 
a) 
O 
a) 
O 
O 
O 
i) 
a) 
a) 
a 
O 


=-OO ON OO RWND— O 
OBB BBBBBOTDOD 
Og~oodoodsmeoodomeoaonao 
Omgwoondosmgeonunuodgmoand 
Omwmooomgwooaonogsoa 
Oomooodgmgooaugso$dk 
Omgw~oododmoodogmgoaododau 
OBBBBBBBODAD 
Omwm~ooonoododoonaaadn 


— 


Top and Bottom 
Lines are Blanked 


Figure 14. Underline in Line Number 10 


If the line number of the underline is less than or equal to 7 
(line number MSB = 0), then the top and bottom lines will 
not be blanked. 


Line Line 
Line Counter Counter 
Number Mode 0 Mode 1 


0000 0111 
0001 0000 
0010 0001 
0011 0010 
0100 0011 
0101 0100 
0110 0101 
0111 0110 


Booaanadaa 
BBeBeseBBBOOD 
Boogmoodosmdao 
Boodgmoaodo sa 
Boomoodosta 
SBeeBBBBODA 
Booandaancana 


0 
1 
2 
3 
4 
5 
6 
yf 


Top and Bottom 
Lines are not Blanked 


Figure 15. Underline in Line Number 7 


If the line number of the underline is greater than the maxi- 
mum number of lines, the underline will not appear. 
Blanking is accomplished by the VSP (Video Suppression) 


signal. Underline is accomplished by the LTEN (Light 
Enable) signal. 
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Dot Format 


Dot width and character width are dependent upon the 
external timing and control circuitry. 


Dot level timing circuitry should be designed to accept the 


parallel output of the character generator and shift it out 
serially at the rate required by the CRT display. 


SHIFT 


REGISTER 


SYNCHRONIZER 


Figure 16. Typical Dot Level Block Diagram 


Dot width is a function of dot clock frequency. 
Character width is a function of the character generator 
width. 


Horizontal character spacing is a function of the shift 
register length. 


Note: Video control and timing signals must be synchronized with 
the video signal due to the character generator access delay. 
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Raster Timing 


The character counter is driven by the character clock input 
(CCLK). It counts out the characters being displayed 
(programmable from 1 to 80). It then causes the line 
counter to increment, and it ‘starts counting out the hori- 
zontal retrace interval (programmable from 2 to 32). This 
is constantly repeated. 


PROGRAMMABLE 1 TO 80 CCLKS PROGRAMMABLE 
2 TO 32 CCLKS 


NEXT 


PRESENT LINE COUNT LINE COUNT 


Figure 17. Line Timing 


The line counter is driven by the character counter. It is 
used to generate the line address outputs (LC, ) for the 
character generator. After it counts all of the ines in a 
character row (programmable from 1 to 16), it increments 
the row counter, and starts over again. (See Character For- 
mat Section for detailed description of Line Counter 
functions.) 


8-232 


8275 


The row counter is an internal counter driven by the line 
counter. It controls the functions of the row buffers and 
counts the number of character rows displayed. 


ONE CHARACTER ROW 


INTERNAL 


ROW COUNTER NEXT ROW 


PRESENT ROW 


PROGRAMMABLE 1 TO 16 
LINE COUNTS 


Figure 18. Row Timing 


After the row counter counts all of the rows in a frame 
(programmable from 1 to 64), it starts counting out the 
vertical retrace interval (programmable from 1 to 4). 


geen etna FRAME 


INTERNAL 
ROW COUNTER 


FIRST LAST FIRST 
DISPLAY a “ee nETRACE 
ROW 


“aan ee a? 
1 TO 64 ROW COUNTS 


PROGRAMMABLE 
1 TO 4 ROW COUNTS 


Figure 19. Frame Timing 


The Video Suppression Output (VSP) is active during 
horizontal and vertical retrace intervals. 


Dot level timing circuitry must synchronize these outputs 
with the video signal to the CRT Display. 
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DMA Timing 


The 8275 can be programmed to request burst DMA trans- 
fers of 1 to 8 characters. The interval between bursts is also 
programmable (from O to 55 character clock periods +1). 
This allows the user to tailor his DMA overhead to fit his 
system needs. 


The first DMA request of the frame occurs one row time 
before the end of vertical retrace. DMA requests continue 
as programmed, until the row buffer is filled. If the row 
buffer is filled in the middle of a burst, the 8275 terminates 
the burst and resets the burst counter. No more DMA 
requests will occur until the beginning of the next row. 
At that time, DMA requests are activated as programmed 
until the other buffer is filled. 


The first DMA request for a row will start at the first char- 
acter clock of the preceding row. If the burst mode is used, 
the first DMA request may occur a number of character 
clocks later. This number is equal to the programmed burst 
space. 


lf, for any reason, there is a DMA underrun, a flag in the 
status word will be set. 


FIRST DISPLAY ROW 


INTERNAL 
ROW sd LAST RETRACE ROW md 
COUNTER 


NEXT 
ROW BUFFER 
FILLED 


” 
c 
w 
9 
<q 
c 
< 
= 
o 
o 
° 
e 


PROGRAMMABLE 


w 
al 
a 
< 
= 
= 
< 
x 
° 
° 
c 
a 


; 
4 
m 


ROW BUFFER 
FILLED 


Figure 20. DMA Timing 


The DMA controller is typically initialized for the next 
frame at the end of the current frame. 
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Interrupt Timing 


The 8275 can be programmed to generate an interrupt 
request at the end of each frame. This can be used to 
reinitialize the DMA controller. If the 8275 interrupt 
enable flag is set, an interrupt request will occur at the 
beginning of the /ast display row. 


INTERNAL 
ROW 
COUNTER 


L 
DISPLAY RETRACE 
ROW ROW 


Figure 21. Beginning of Interrupt Request 


IRQ will go inactive after the status register is read. 


{RQ 


Figure 22. End of Interrupt Request 


A reset command will also cause |RQ to go inactive, but 
this is not recommended during normal service. 


Another method of reinitializing the DMA controller is to 
have the DMA controller itself interrupt on terminal count. 
With this method, the 8275 interrupt enable flag should not 
be set. 


Note: Upon power-up, the 8275 Interrupt Enable Flag may be set. 
As a result, the user’s cold start routine should write a reset 
command to the 8275 before system interrupts are enabled. 
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VISUAL ATTRIBUTES AND SPECIAL 
CODES 


The characters processed by the 8275 are 8-bit quantities. 
The character code outputs provide the character generator 
with 7 bits of address. The Most Significant Bit is the extra 
bit and it is used to determine if it is a normal display 
character (MSB = Q), or if it is a Visual Attribute or Special 
Code (MSB = 1). 


There are two types of Visual Attribute Codes. They are 
Character Attributes and Field Attributes. 


HORIZ. RIGHT 
HALF 


CHAR. GEN. 
ENABLE 


8275 


Character Attribute Codes 


Character attribute codes are codes that can be used to gen- 
erate graphics symbols without the use of a character 
generator. This is accomplished by selectively activating the 
Line Attribute outputs (LAp_1), the Video Suppression 
output (VSP), and the Light Enable output. The dot level 
timing circuitry can use these signals to generate the proper 
symbols. 


Character attributes can be programmed to blink or be 
highlighted individually. Blinking is accomplished with the 
Video Suppression output (VSP). Blink frequency is equal 
to the screen refresh frequency divided by 32. Highlighting 
is accomplished by activating the Highlight output (HGLT). 


Character Attributes 


MSB LSB 
11¢C4CCCBH 


| | HIGHLIGHT 
BLINK 
CHARACTER ATTRIBUTE CODE 


DOT CLOCK 


REGISTER 


HIGHLIGHT 


Figure 23. Typical Character Attribute Logic 
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Table 2. Character Attributes 
Character attributes were designed to produce the following graphics: 


CHARACTER ATTRIBUTE OUTPUTS 
CODE “cccc’” LTEN SYMBOL DESCRIPTION 


Above Underline 
Underline 

elow Underline 
bove Underline 
Underline 

elow Underline 
Above Underline 
Underline 

elow Underline 
Above Underline 
Underline 

Below Underline 
Above Underline 
Underline 

elow Underline 
bove Underline 
Underline 

elow Underline 
Above Underline 
Underline 

elow Underline 
Above Underline 
Underline 

elow Underline 
Above Underline 
Underline 

elow Underline 
Above Underline 
Underline 

elow Underline 
Above Underline 
Underline 

elow Underline 
Above Underline 
Underline 

elow Underline 
Above Underline 
1100 Underline 
elow Underline 


a 
Above Underline | P| 
1101 Underline —— 
elow Underline | P| 
Above Underline | | 

oe 

elow Underline P| na 
Above Underline 4 pe 
Underline a Undefined | | 


“Character Attribute Code 1011 is not recommended for Character Attribute Codes 1101, 1110, and 1111 are illegal. 
normal operation. Since none of the attribute outputs are 
active, the character Generator will not be disabled, and 
an indeterminate character will be generated. Highlight is active when H = 1. 


0000 Top Left Corner 


Top Right Corner 


001 


fo) 


98) 
Oo} — 


0111 


100 


(-) 


1001 


101 


j=) 


1011 


1110 


TV 8 


Blinking is active when B = 1. 
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Special Codes 


Four special codes are available to help reduce memory, 
software, or DMA overhead. 


Special Control Character 


MSB LSB 
0ossS 


13 % 4 


SPECIAL CONTROL CODE 


FUNCTION 


End of Row 
End of Row-Stop DMA 
End of Screen 

End of Screen-Stop DMA 


The End of Row Code (00) activates VSP and holds it to 
the end of the line. 


The End of Row-Stop DMA Code (01) causes the DMA 
Control Logic to stop DMA for the rest of the row when it 
is written into the Row Buffer. It affects the display in the 
same way as the End of Row Code (00). 


The End of Screen Code (10) activates VSP and holds it to 
the end of the frame. 


The End of Screen-Stop DMA Code (11) causes the DMA 
Control Logic to stop DMA for the rest of the frame when 
it is written into the Row Buffer. It affects the display in 
the same way as the End of Screen Code (10). 


If the Stop DMA feature is not used, all characters after an 
End of Row character are ignored, except for the End of 
Screen character, which operates normally. All characters 
after an End of Screen character are ignored. 


Note: If a Stop DMA character is not the last character in a burst or 
row, DMA is not stopped until after the next character is 
read. In this situation, a dummy character must be placed in 
memory after the Stop DMA character. 


Field Attributes 


The field attributes are control codes which affect the 
visual characteristics for a field of characters, starting at the 
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character following the code up to, and including, the 
character which precedes the next field attribute code, or 
up to the end of the frame. The field attributes are reset 
during the vertical retrace interval. 


There are six field attributes: 


1. Blink — Characters following the code are caused 
to blink by activating the Video Suppression out- 
put (VSP). The blink frequency is equal to the 
screen refresh frequency divided by 32. 


2. Highlight — Characters following the code are 
caused to be highlighted by activating the High- 
light output (HGLT). 


3. Reverse Video — Characters following the code are 
caused to appear with reverse video by activating 
the Reverse Video output (RVV). 


4. Underline — Characters following the code are 
caused to be underlined by activating the Light 
Enable output (LTEN). 


5,6. General Purpose — There are two additional 8275 
outputs which act as general purpose, independ- 
ently programmable field attributes. GPA, | are 
active high outputs. 


Field Attribute Code 


MSB LSB 
10URGGBH 


| L____ HIGHLIGHT 
BLINK 
GENERAL PURPOSE 


REVERSE VIDEO 
UNDERLINE 


H = 1 FOR HIGHLIGHTING 
B = 1 FOR BLINKING 

R = 1 FOR REVERSE VIDEO 
U=1 

G=G 


*More than one attribute can be enabled at the same time. 


If the blinking and reverse video attributes are enabled 
simultaneously, only the reversed characters will blink. 
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The 8275 can be programmed to provide visible or invisible 
field attribute characters. 


If the 8275 is programmed in the visible field attribute 
mode, all field attributes will occupy a position on the 
screen. They will appear as blanks caused by activation of 
the Video Suppression output (VSP). The chosen visual 
attributes are activated after this blanked character. 


Figure 24. Example of the Visible Field Attribute 
Mode (Underline Attribute) 


If the 8275 is programmed in the invisible field attribute 
mode, the 8275 FIFO is activated. 


CHARACTER 
COUNTER 


(2) 80 x 8 


BUFFER || BUFFER 
INPUT OUTPUT 
CONTROL-||CONTROL- 


RASTER TIMING 
AND 
VIDEO CONTROL 


LIGHT PEN 
REGISTERS 


Figure 25. Block Diagram Showing FIFO 
Activation 


8275 


Each row buffer has a corresponding FIFO. These FIFOs 
are 16 characters by 7 bits in size. 


When a field attribute is placed in the row buffer during 
DMA, the buffer input controller recognizes it and places 
the next character in the proper FIFO. 


When a field attribute is placed in the Buffer Output Con- 
troller during display, it causes the controller to immedi- 
ately put a character from the FIFO on the Character Code 
outputs (CCo_g). The chosen Visual Attributes are also 
activated. 


Since the FIFO is 16 characters long, no more than 16 field 
attribute characters may be used per line in this mode. 
If more are used, a bit in the status word is set and the first 
characters in the FIFO are written over and lost. 


Note: Since the FIFO is 7 bits wide, the MSB of any characters put 
in it are stripped off. Therefore, a Visual Attribute or Special 
Code must not immediately follow a field attribute code. If 
this situation does occur, the Visual Attribute or Special 
Code will be treated as a normal display character. 


123456789 


Figure 26. Example of the Invisible Field Attribute 
Mode (Underline Attribute) 


Field and Character Attribute Interaction 


Character Attribute Symbols are affected by the Reverse 
Video (RVV) and General Purpose (GPAp_3) field attri- 
butes. They are not affected by Underline, Blink or High- 
light field attributes; however, these characteristics can be 
programmed individually for Character Attribute Symbols. 
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Cursor Timing 


The cursor location is determined by a cursor row register 
and a character position register which are loaded by com- 
mand to the controller. The cursor can be programmed to 
appear on the display as: 


1. a blinking underline 

2. a blinking reverse video block 

3. anon-blinking underline 

4. anon-blinking reverse video block 


The cursor blinking frequency is equal to the screen refresh 
frequency divided by 16. 


If a non-blinking reverse video cursor appears in a non- 
blinking reverse video fie/d, the cursor will appear as a 
normal video block. 


If a non-blinking underline cursor appears in a non-blinking 
underline fie/d, the cursor will not be visible. 


Light Pen Detection 


A light pen consists of a micro switch and a tiny light 
sensor. When the light pen is pressed against the CRT screen, 
the micro switch enables the light sensor. When the raster 
sweep reaches the light sensor, it triggers the light pen 
output. 


If the output of the light pen is presented to the 8275 
LPEN input, the row and character position coordinates are 
stored in a pair of registers. These registers can be read on 
command. A bit in the status word is set, indicating that 
the light pen signal was detected. The LPEN input must be 
a Oto 1 transition for proper operation. 


Note: Due to internal and external delays, the character position 
coordinate will be off by at least three character positions. 
This has to be corrected in software. 
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Device Programming 


The 8275 has two programming registers, the Command 
Register (CREG) and the Parameter Register (PREG). It 
also has a Status Register (SREG). The Command Register 
can only be written into and the Status Registers can only 
be read from. They are addressed as follows: 


The 8275 expects to receive a command and a sequence 
of 0 to 4 parameters, depending on the command. If the 
proper number of parameter bytes are not received before 
another command is given, a status flag is set, indicating an 
improper command. 


Instruction Set 
The 8275 instruction set consists of 8 commands. 


COMMAND NO. OF PARAMETER BYTES 


Reset 4 
Start Display 
Stop Display 
Read Light Pen 
Load Cursor 
Enable Interrupt 
Disable Interrupt 
Preset Counters 
In addition, the status of the 8275 (SREG) can be read by 
the CPU at any time. 


SOCOONN OO 
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1. Reset Command: 


DATA BUS 
OPERATION | Ag} DESCRIPTION| MSB LSB 


| _write | 1 | Reset Command] 0 0 0 0 0 0 0 0 

Sa CXR 
Byte 1 

Write ScreenComp | vy yRRRRRR 
Byte 2 

Write ScreenComp | y yuULLLL 
Byte 3 


Screen Comp M F ccecz2z222 
. _Byte4 eh ae, 


Action — After the reset command is written, DMA re- 
quests stop, 8275 interrupts are disabled, and the VSP 
output is used to blank the screen. HRTC and VRTC con- 
tinue to run. HRTC and VRTC timing are random on 
power-up. 


Command 


Parameters 


Write 


As parameters are written, the screen composition is 


defined. 


Parameter —S Spaced Rows 
FUNCTIONS 


Normal Rows 
Spaced Rows 


HHHHHHH Horizontal Characters/Row 


NO. OF CHARACTERS 
PER ROW 


Parameter — 


H 
0 
0 
0 


| 
| 
: | ; 
Secon 80 
| 
| 
| 


10100 0 0 Undefined 
1724934 7147 7 Undefined 


Parameter — VV Vertical Retrace Row Count 
V NO. OF ROW COUNTS PER VRTC 


Parameter — RRRRRR_ Vertical Rows/Frame 


R RRR RR NO. OF ROWS/FRAME 
0000 0 0 
00000 1 
00001 0 


+1 + 2D 4 64 


8275 
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Parameter — UUUU Underline Placement 


LINE NUMBER OF 
UNDERLINE 


U 
0 
0 
0 


ocoole 


7 23 7 16 


Parameter — LLLL Number of Lines per Character Row 
L 


we & NO. OF LINES/ROW 


i 
0 
0 
0 


Mode 0 (Non-Offset) 
Mode 1 (Offset by 1 Count) 


Parameter — F_ Field Attribute Mode 
FIELD ATTRIBUTE MODE 


Transparent 
Non-Transparent 


Parameter — CC Cursor Format 


Cc Cc CURSOR FORMAT 
0 Blinking reverse video block 
1 Blinking underline 
0 Nonblinking reverse video block 
1 Nonblinking underling 


Parameter — ZZZZ _ Horizontal Retrace Count 


NO. OF CHARACTER 
COUNTS PER HRTC 


Z 
0 
0 
0 


114 4 32 


Note: uuuu MSB determines blanking of top and bottom lines 
(1 = blanked, 0 = not blanked). 
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2. Start Display Command: 


DATA BUS 
OPERATION | Ag} DESCRIPTION | MSB 


Command 


No parameters 


SSS BURST SPACE CODE 


NO. OF CHARACTER CLOCKS 
BETWEEN DMA REQUESTS 


- ese eS KS OOO COM 
- - OO - 900;M% 
- Or0 02: 0/0 


BB BURST COUNT CODE 


NO. OF DMA CYCLES PER 
BURST 


Action — 8275 interrupts are enabled, DMA requests begin, 
video is enabled, Interrupt Enable and Video Enable status 
flags are set. 


3. Stop Display Command: 


DATA BUS 
OPERATION |Ag | DESCRIPTION | MSB LSB 


|__write [1 |stopdissiay [0 1 0 0 0 0 0 0 


Command 


Action — Disables video, interrupts remain enabled, HRTC 
and VRTC continue to run, Video Enable status flag is 
reset, and the ‘’Start Display’’ command must be given to 
re-enable the display. 


4. Read Light Pen Command 


DATA BUS 


OPERATION |Ag| DESCRIPTION] MSB 


MoE ET 

ee 
Read — Number fees Number) 

Action — The 8275 is conditioned to supply the contents 

of the light pen position registers in the next two read 


cycles of the parameter register. Status flags are not af- 
fected. 


Command 


Parameters 


Note: Software correction of light pen position is required. 
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5. Load Cursor Position: 


DATA BUS 


OPERATION | Ag} DESCRIPTION | MSB 


[wie [1 [toetewer [1 0070000 

eB 8 i 
Write os Number (Row Number) 

Action — The 8275 is conditioned to place the next two 


parameter bytes into the cursor position registers. Status 
flags not affected. 


Command | Write | 


Parameters 


6. Enable Interrupt Command: 
DATA BUS 


Action — The interrupt enable status flag is set and inter- 
rupts are enabled. 


7. Disable Interrupt Command: 


DATA BUS 
OPERATION| Ag| DESCRIPTION | MSB LSB 


| write | 1 | Disable interrupt] 1_1 0 0 0 0 0 0 


No parameters 


Command 


Action — Interrupts are disabled and the interrupt enable 
status flag is reset. 


8. Preset Counters Command: 


DATA BUS 
OPERATION| Ag| DESCRIPTION | MSB LSB 


| write | 1 | Preset Counters | 11 1 0 0 0 0 0 


No parameters 


Command 


Action — The internal timing counters are preset, corre- 
sponding to a screen display position at the top left corner. 
Two character clocks are required for this operation. The 
counters will remain in this state until any other command 
is given. 


This command is useful for system debug and synchroniza- 
tion of clustered CRT displays on a single CPU. 
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Status Flags 


— IC — (Improper Command) This flag is set when a 
OPERATION |Ag| DESCRIPTION] MSB age pimeslge string is hs ah i too 
short. e flag is automatically reset after a 
Command ee Pe status read. 

IE — (Interrupt Enable) Set or reset by command. It VE — (Video Enable) This flag indicates that video 
enables vertical retrace interrupt. It is auto- operation of the CRT is enabled. This flag is 
matically set by a ‘Start Display’’ command set on a ‘Start Display’’ command, and reset 
and reset with the ‘’Reset’” command. ona “Stop Display” or ‘’Reset’” command. 

IR (Interrupt Request) This flag is set at the begin- DU (DMA Underrun) This flag is set whenever a 
ning of display of the last row of the frame if data underrun occurs during DMA transfers. 
the interrupt enable flag is set. It is reset after Upon detection of DU, the DMA operation is 
a status read operation. stopped and the screen is blanked until after 

LP This flag is set when the light pen input (LPEN) the vertical retrace interval. This flag is reset 
is activated and the light pen registers have been after a status read. 
loaded. This flag is automatically reset after a FO (FIFO Overrun) This flag is set whenever the 


status read. 
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FIFO is overrun. It is reset on a status read. 
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ABSOLUTE MAXIMUM RATINGS* 


*NOTICE: Stresses above those listed under ‘‘Absolute 


° . ° ° 
Ambient Temperature Under Bias......... 0 C to 70'¢ Maximum Ratings” may cause permanent damage to the 
Storage Temperature.............. -65 C to +150'C device. This is a stress rating only and functional opera- 
Voltage On Any Pin tion of the device at these or any other conditions above 
With Respect to Ground............ -0.5V to +7V those indicated in the operational sections of this specifi- 
Power Dissipation . 1... cca cenecce wees nenwen 1 Watt cation is not implied. 


D.C. CHARACTERISTICS (1, = 0°C to 70°C, Voc = 5V +5%) 
[Parameter Min. 


Symbol | 

Vir | Input Low Voltage V 

a 

Vor | Outputtowvorae | «teas |v 

rin [input toad Curent ———=SsYS*d?C OWA | Vn VectoOV 
uA | 


Test Conditions 


lot 2.2 mA 


1/O Capacitance Ff 20 pe Unmeasured pins returned to Vss. 


A.C. CHARACTERISTICS (tT, = 0°C to 70°C, Vee = 5.0V +5%, GND = OV) 


Bus Parameters 
READ CYCLE 


[Symbol | __—~Parameter_ = |S Min. (| Max. | Units |  TestConditions 
[tan __| Address StableBeforeREAD =| 9 | | ms | 
[tra | AddressHold Time forREAD | oO | | ms | 
READ Pulse Width a 
[tro =| DataDelayfromREAD | | 200 | rs C= 150PFO 
READ to Data Floating | 20 ~«|)~—6 100 =| ns C, min. = 20 pF; C, max. = 150 pF 
WRITE CYCLE 

| Min. | Max. | Units | TestConditions 

a 

0s 

80 ts 

a 
CLOCK TIMING 

| Min, | Max. 
| 240 | eee 
ftk, | ClockLow | OT a 
Clock Rise Lae ail ee 

tke | Clock Fal es re 
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A.C. CHARACTERISTICS (Continued) 


OTHER TIMING 


tHR 
tic 
taT 
tvRr 
tRI 
wa 
RO 
LR 
tpR 
tPH 


| Symbol | ai | 
[tcc | Character Code Output Delay | 
Tin | Horizontal Retrace Output Delay |_| 
ities Line Count Output Delay Po 
}tat _| Control/Attribute Output Delay {| 
eva | Vertical Retrace Output Delay 
igi IRON from ADF 
wa) DROTromwAT 
[tga DROVromWRV iY 
tun | DACKTtoWR} ———SSSSC«dCSC 
ta, | WRT to DACKT——Ss=~=“‘“‘iCOC*d 
tee | LPEN Rise _ 
toy | LPENHold SCN 


275 
275 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


0.45 


2.2 DEVICE 


UNDER 
> TEST POINTS < TEST 


0.8 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC "1" AND 0.45V FOR 
A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 2.2V FOR A LOGIC “1” 
AND 0.8V FOR A LOGIC “0.” 


WAVEFORMS 
TYPICAL DOT LEVEL TIMING 


CCLK* | | | | | 
CCo_6 FIRST CHARACTER CODE SECOND CHARACTER CODE 


FIRST CHARACTER 
ATTRIBUTES & CONTROLS FOR FIRST CHAR. 


SHIFT REGISTER SETUP 


CHARACTER 
GENERATOR 
OUTPUT 


SECOND CHARACTER 


ATTRIBUTES 
& CONTROLS 


VIDEO 
(FROM SHIFT 
REGISTER) 
RE a ES 
ATTRIBUTES FIRST CHARACTER SECOND CHARACTER 
& CONTROLS ATTRIBUTES & CONTROLS 
(FROM ATTRIBUTES & CONTROLS FOR FIRST CHAR. FOR 2ND CHAR. 


SYNCHRONIZER) 


*CCLK IS A MULTIPLE OF THE DOT CLOCK AND AN INPUT TO THE 8275. 
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Test Conditions 
CL = 50 pF 
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WAVEFORMS (Continued) 


LINE TIMING 


FIRST SECOND ‘LAST FIRST LAST 
RETRACE RETRACE 


DISPLAY DISPLAY DISPLAY 
CHARACTER CHARACTER CHARACTER 


CHARACTER CHARACTER 


PROGRAMMABLE FROM 1 TO 80 CHARACTERS PROGRAMMABLE FROM/2 TO 32 CCLKS 


tHR 


PRESENT LINE COUNT NEXT LINE COUNT 


VIDEO 
CONTROLS 


AND ATTRIBUTES * 
*LAg_1, VSP, LTEN, HGLT, RVV, GPAg_ 4 


ROW TIMING 


PROGRAMMABLE FROM 1 TO 16 LINES 


INTERNAL 
ROW LAST ROW PRESENT ROW NEXT ROW 


COUNTER 


FRAME TIMING 


INTERNAL 
ROW 
COUNTER 


PROGRAMM PROGRAMMABLE FROM 
G ABLE FROM 1 TO 64 ROWS Leary prarid 
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WAVEFORMS (Continued) 


INTERRUPT TIMING 


LAST RETRACE FIRST RETRACE 
CHARACTER CHARACTER 


FIRST LINE COUNT 


INTERNAL 
ROW LAST DISPLAY ROW 


COUNTER 


DMA TIMING 
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WAVEFORMS (Continued) 


WRITE TIMING 


taw tww- tWA 


INVALID 


tow two 


Can} 


INVALID INVALID 


CLOCK TIMING 


8275 
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READ TIMING 


4 
HIGH imeepance 7 DATA vai i, 
(A, 


HIGH Y 
PEDANCE 
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8276 
SMALL SYSTEM CRT CONTROLLER 


= Programmable Screen and Character =» MCS-51°, MCS-85°, iAPX 86, and 
Format iAPX 88 Compatible 


= Dual Row Buffers 
= 6 Independent Visual Field Attributes 


Single +5V Supply 


= Cursor Control (4 Types) 40-Pin Package 


The Intel 8276 Small System CRT Controller is a single chip device intended to interface CRT raster scan dis- 
plays with Intel microcomputers in minimum device-count systems. Its primary function is to refresh the dis- 
play by buffering character information from main memory and keeping track of the display position of the 
screen. The flexibility designed into the 8276 will allow simple interface to almost any raster scan CRT display 
with a minimum system IC count. 


CHARACTER 
COUNTER CCLK 


(2) 80 x 8 


ROW BUFFERS 


oe, a] OATS ) ae || sure LL, 
‘ine BUS CONTROL- || CONTROL- CCo-6 
BUFFER LER LER 


LINE 

COUNTER yt MOOS 
ROW 

COUNTER 


RASTER TIMING 


VIDEO CONTROL 


Figure 1. Block Diagram Figure 2. Pin Configuration 
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Table 1. Pin Descriptions 


Line count. Output from the line count- 
er which is used to address the charac- 
ter generator for the line positions on 
the screen. 


Buffer ready. Output signal indicating 
that a Row Buffer is ready for loading of 
character data. 


Buffer select. Input signal enabling 
WR for character data into the Row 
Buffers. 


Horizontal retrace. Output signal 
which is active during the programmed 
horizontal retrace interval. During this 
period the VSP output is high and the 
LTEN output is low. 


Vertical retrace. Output signal which 
is active during the programmed verti- 


cal retrace interval. During this period 
the VSP output is high and the LTEN 
output is low. 


Read input. A control signal to read 
registers. 


Write input. A control signal to write 
commands into the control registers or 
write data into the row buffers. 


Bidirectional data bus. Three-state 
lines. The outputs are enabled during a 
read of the C or P ports. 


eyinbas | laype! Name and Function 


[ves [ol [aren 
[32] [Ne conneston 
ial 1 ee a 


LTEN aie Light enable. Output signal used to 


enable the video signal to the CRT. This 
output is active at the programmed 
underline cursor position, and at posi- 
tions specified by attribute codes. 


Reverse video. Output signal used to 
activate the CRT circuitry to reverse the 
video signal. This output is active at the 
cursor position if a reverse video block 
cursor is programmed or at the posi- 
tions specified by the field attribute 


Video suppression. Output signal 
used to blank the video signal to the 
CRT. This output is active: 

— during the horizontal and vertical re- 
trace intervals. 

— at the top and bottom lines of rows if 
underline is programmed to be num- 
ber 8 or greater. 

— when an end of row or end of screen 
code is detected. 

— when a Row Buffer underrun occurs. 

—at regular intervals (1/16 frame fre- 

quency for cursor, 1/32 frame fre- 

quency for attributes)—to create 


blinking displays as specified by 
cursor or field attribute programming. 

GPA, | 34 General purpose attribute codes.- 

GPAg | 33 Outputs which are enabled by the gen- 
eral purpose field attribute codes. 

HLGT | 32 Highlight. Output signal used to inten- 
sify the display at particular positions 
on the screen as specified by the field 
attribute codes. 

CCLK Character clock (from dot/timing 
logic). 

Character codes. Output from the 
row buffers used for character selec- 
tion in the character generator. 
Chip select. Enables RD of status or 
WR of command or parameters. 


Port address. A high input on this pin 
selects the “‘C’’ port or command regis- 
ters and alow input selects the ‘‘P”’ port 
or parameter registers. 
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FUNCTIONAL DESCRIPTION 


Data Bus Buffer 


This 3-state, bidirectional, 8-bit buffer is used to 
interface the 8276 to the system Data Bus. 


This functional block accepts inputs from the Sys- 
tem Control Bus and generates control signals for 
overall device operation. It contains the Command, 
Parameter, and Status Registers that store the vari- 
ous control formats for the device functional 


definition. 
OPERATION | REGISTER 
Read RESERVED 


STATUS 
COMMAND 


RD (READ) 
A “low” on this input informs the 8276 that the CPU 
is reading status information from the 8276. 


WR (WRITE) 
A ‘‘low’’ on this input informs the 8276 that the CPU 
is writing data or control words to the 8276. 


CS (CHIP SELECT) Le 
A “low” on this input selects the 8276 for RD or WR 
of Commands, Status, and Parameters. 


BRDY (BUFFER READY) 
A ‘‘high” on this output indicates that the 8276 is 
ready to receive character data. 


BS (BUFFER SELECT) 
A “low” on this input enables WR of character data 
to the 8276 row buffers. 


INT (INTERRUPT) 
A ‘“‘high”’ on this output informs the CPU that the 
8276 needs interrupt service. 


c/P RD R cS BS 
0 0 1 0 1 Reserved 
0 1 0 0 1 Write 8276 Parameter 
1 0 1 0 1 Read 8276 Status 
1 1 0 0 1 Write 8276 Command 
Xx 1 0 1 0 Write 8276 Row Buffer 
X 1 1 X X High Impedance 
X X X 1 1 High Impedance 
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Character Counter 


The Character Counter is a programmable counter 
that is used to determine the number of characters 
to be displayed per row and the length of the hori- 
zontal retrace interval. It is driven by the CCLK 
(Character Clock) input, which should be derived 
from the external dot clock. 


Line Counter 


The Line Counter is a programmable counter that is 
used to determine the number of horizontal lines 
(Raster Scans) per character row. Its outputs are 
used to address the external character generator. 


Row Counter 


The Row Counter is a programmable counter that is 
used to determine the number of character rows to 
be displayed per frame and length of the vertical re- 
trace interval. 


Raster Timing and Video Controls 


The Raster Timing circuitry controls the timing of 
the HRTC (Horizontal Retrace) and VRTC (Vertical 
Retrace) outputs. The Video Control circuitry con- 
trols the generation of HGLT (Highlight), RVV (Re- 
verse Video), LTEN (Light Enable), VSP (Video Sup- 
press), and GPAp_; (General Purpose Attribute) 
outputs. 


Row Buffers 


The Row Buffers are two 80-character buffers. They 
are filled from the microcomputer system memory 
with the character codes to be displayed. While one 
row buffer is displaying a row of characters, the 
other is being filled with the next row of characters. 


Buffer Input/Output Controllers 


The Buffer Input/Output Controllers decode the 
characters being placed in the row buffers. If the 
character is a field attribute or special code, they 
control the appropriate action. (Example: A ‘“‘High- 
light” field attribute will cause the Buffer Output 
Controller to activate the HGLT output.) 
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SYSTEM OPERATION 


The 8276 is programmable to a large number of dif- 
ferent display formats. It provides raster timing, dis- 
play row buffering, visual attribute decoding and 
cursor timing. 


It is designed to interface with standard character 
generators for dot matrix decoding. Dot level timing 
must be provided by external circuitry. 


General Systems Operational Description 


Display characters are retrieved from memory and 
displayed on a row-by-row basis. The 8276 has two 
row buffers. While one row buffer is being used for 
display, the other is being filled with the next row of 
characters to be displayed. The number of display 
characters per row and the number of character 
rows per frame are software programmable, provid- 
ing easy interface to most CRT displays. (See Pro- 
gramming Section.) 


MICRO- 
PROCESSOR 
8276 
CRT 
CONTROLLER 


SYSTEM BUS 


SERIAL 
COMMUNICATIONS 
CHANNEL 


The 8276 uses BRDY to request character data to fill 
the row buffer that is not being used for display. 


The 8276 displays character rows one scan line ata 
time. The number of scan lines per character row, 
the underline position, and blanking of top and bot- 
tom lines are programmable. (See Programming 
Section.) 


The 8276 provides special Control Codes which can 
be used to minimize overhead. It also provides Vis- 
ual Attribute Codes to cause special action on the 
screen without the use of the character generator. 
(See Visual Attributes Section.) 


The 8276 also controls raster timing. This is done by 
generating Horizontal Retrace (HRTC) and Vertical 
Retrace (VRTC) signals. The timing of these signals 
is also programmable. 


The 8276 can generate a cursor. Cursor location and 
format are programmable. (See Programming 
Section.) 


VIDEO SIGNAL 
CHARACTER 
GENERATOR HGR 
(ROM OR {HIGH —_ [HORIZONTAL SYNC 
RAM) DOT 
TIMING 
ae VERTICAL SYNC 
INTERFACE 
INTENSITY 


VIDEO CONTROLS 


PROGRAM/ 8255A-5 
DISPLAY KEYBOARD 
MEMORY CONTROLLER 


KEYBOARD 


Figure 3. CRT System Block Diagram 
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1st 2nd 3rd 
Character Character Character 


4th 
Character 


5th 6th 7th 
Character Character Character 


OOSSEBOOOBDOOOBDO BEE BBOOCOCOOOOD0DOSEBsBOOOCSBsBsOOCOsBDOOSD 


First Line of a Character Row 


1st 2nd 3rd 
Character Character Character 


4th 
Character 


5th 6th 7th 
Character Character Character 


OOSSSBSOO0OS8DOCOOB0O OSB BBBOOOCOOOCOOsS BEB OOOOs 
OBO00COs8O00sEsBOOOBOOBOOODODOOOODODODOOSEODODOSODOS 


SgO0O0s80008D 
OOOsO00Os80008D 


Second Line of a Character Row 


1st 2nd 3rd 
Character Character Character 


OOSBSBBOOOBOOOOBD OS BEBBBOUOCOOOCO0DOUREBBD 
OEcooosoossooosoOOBODOOOOOOOOOOoOOsDDDs 


4th 
Character 


OBsgc0ooosBoDoBoOoOooOsDOSOOOOODODOODONOOOSOOOS 


6th 7th 


Character Character Character 


000 
OOO 
Ba0 
OOS 
OO 
OOS 
BBO 
000 
000 
Sea 
O00 
000 
O00 
Sea 
000 


Third Line of a Character Row 


1st 2nd 3rd 
Character Character Character 


DOSS SSBO00OB800OOBS0OUSEEBBD 
OSsO000s8O0sSsoOoOoOBCOEsBSODOOOD 
OsOO00Os80DOBO0BOOBOCOsBOOOOD 
OBOOOOSDOSOOOOBOU0ORmEBEBOO 


OOO 
OOO 
OOO 
OOO 


4th 
Character 


ODUOOOSBEBOO008S 
NOOOOsSO0O0sSDOsBODD 
OOO0OOsSODOOsSODOsSOD 
ONOOOSsesoo00s8DD 
OBOOOOSBDOBOOBOBOOBOOCOOOO0OO0COOOo0SBDBOOOOSDOD 
OBO00O0COsD0OBOOOEsECOBOOOOOOOOOCOoOOsSDOsSOOOsSODO 
OOSSBBBOOOSBOOOOBODODBEEBBOOOOOOOCOOSBDODSBOOOO gs 


6th 7th 


Character Character Character 


BOOOOCOS 
OB BS880 
0000000 
OOO0O0000 
OSS S888 
BOooo0o0o00 
OBBB000 
@Boooo0o00 
OSS E888 
OOOO0O00 


Seventh Line of a Character Row 


Figure 4. Display Of A Character Row 


Display Row Buffering 


Before the start of a frame, the 8276 uses BRDY and 
BS to fill one row buffer with characters. 


When the first horizontal sweep is started, character 
codes are output to the character generator from the 
row buffer just filled. Simultaneously, the other row 
buffer is filled with the next row of characters. 


After all the lines of the character row are scanned, 
the buffers are swapped and the same procedure is 
followed for the next row. 


This process is repeated until all of the character 
rows are displayed. 


Row Buffering allows the CPU access to the display 
memory at all times except during Buffer Loading 
(about 25%). This compares favorably to alternative 
approaches which restrict CPU access to the display 
memory to occur only during horizontal and vertical 
retrace intervals (80% of the bus time is used to re- 
fresh the display.) 
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Figure 5. First Row Buffer Filled 
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Figure 6. Second Row Buffer Filled, First Row 
Displayed 


DATA 
BUS 
BUFFER 


Figure 7. First Row Buffer Filled With Third Row, 
Second Row Displayed 


Display Format 


SCREEN FORMAT 

The 8276 can be programmed to generate from 1 to 
80 characters per row, and from 1 to 64 rows per 
frame. 
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23456789 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Figure 8. Screen Format 


The 8276 can also be programmed to blank alternate 
rows. In this mode, the first row is displayed, the 
second blanked, the third displayed, etc. Display 
data is not requested for the blanked rows. 


Figure 9. Blank Alternate Rows Mode 


ROW FORMAT 

The 8276 is designed to hold the line count stable 
while outputting the appropriate character codes 
during each horizontal sweep. The line count is in- 
cremented during horizontal retrace and the whole 
row of character codes are output again during the 
next sweep. This is continued until the entire char- 
acter row is displayed. 


The number of lines (horizontal sweeps) per charac- 
ter row is programmable from 1 to 16. 


The output of the line counter can be programmed 
to be in one of two modes. 


In mode 0, the output of the line counter is the same 
as the line number. 
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In mode 1, the line counter is offset by one from the 
line number. 


Note: In mode 1, while the first line (line number 0) is being dis- 


played, the /ast count is output by the line counter (see 


examples). 


Line Line 
Line Counter Counter 
Number Mode 0 Mode 1 


0000 1111 
0001 0000 
0010 0001 
0011 0010 
0100 0011 
0101 0100 
0110 0101 
0111 0110 
1000 0111 
1001 1000 
1010 1001 
1011 1010 
1100 1011 
1101 1100 
1110 1101 
ie 1110 


0 
1 
2 
3 
4 
5 
6 
7 
8 


oOoOBooOUBeUau eB oO U B&B 
DbooanaonoonotBBBBRBOTC LUD 
OoOo0oangconodrmndcmnoUuancCmUcanoOUseoOoO eso UD 
OoOoo0o0ondaucaonouonodocmvnoUewoO aoa s_oD 
Hbooaconoonoanaono moana eo 
OoOooaguunununuonvnvonvdnmsoanogongn 
BOOGAQDDBDBBORORDBOBAL ADA 
OOOdoO0OORBBBBBBOUa 
OO OBE ROBERBaAE Heo Ba B 


Figure 10. Example of a 16-Line Format 


Line Line 
Line Counter Counter 
Number Mode 0 Mode 1 


0000 1001 
0001 0000 
0010 0001 
0011 0010 
0100 0011 
0101 0100 
0110 0101 
0111 0110 
1000 0111 
1001 1000 


ooao0doaondandandanunnu 
OOmgaBBBBOTDDA 
Ooo0cdm§aoaomg 00 
Ooogoo0omaoo00odsoao 
Oooo0o0d0me8oo0gc0 m8 00 
OOosgeBBBBOLD 
GOUeoOebGaoaa B 


0 
1 
2 
3 
4 
5 
6 
4 
8 
9 


Figure 11. Example of a 10-Line Format 


Mode 0 is useful for character generators that leave 
address zero blank and start at address 1. Mode 1 is 
useful for character generators which start at 
address zero. 


Underline placement is also programmable (from 
line number 0 to 15). This is independent of the line 
counter mode. 
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If the line number of the underline is greater than 7 
(line number MSB = 1), then the top and bottom 
lines will be blanked. 


Line Line 
Counter Counter 
Mode 0 Mode 1 


0000 1011 
0001 0000 
0010 0001 
0011 0010 
0100 0011 
0101 0100 
0110 0101 
0111 0110 
1000 01:11 
1001 1000 
1010 1001 
1011 1010 


Omaooandaooonaoaoada 
OBBBBBBBOHBDHD 


Oo 
te] 
O 
O 
0) 
O 
a 
O 
O 
O 
& 
0 


- OO OwvVOO AO FRWN — O 
Ogw~oodoosmseonosmseoaonoanu 
OB@ooodomeaonvondgmgano 
DODmgeoodoasmwoanoangasg 
Omg@oododomooiomaodn 
OBiBBBBBBOHLD 
Omoooodooadoanodoaodn 


—_ — 


Top and Bottom 
Lines are Blanked 


Figure 12. Underline in Line Number 10 


lf the line number of the underline is less than or 
equal to 7 (line number MSB = 0), then the top and 
bottom lines will not be blanked. 


Line Line 
Line Counter Counter 
Number Mode 0 Mode 1 


0000 0111 
0001 oooo 
0010 0001 
0011 0010 
0100 0011 
0101 0100 
0110 0101 
0111 0110 


BOoOoodddcoon De o 
SSBQesgeeeseonod 
Boodmoosdo 
Boodgmeowo BB 
Boodmodoso 
SBSBBBBBOD 
Booncdadonan 


0 
1 
2 
3 
4 
5 
6 
rj 


Top and Bottom 
Lines are not Blanked 


Figure 13. Underline in Line Number 7 


If the linenumber of the underline is greater than the 
maximum number of lines, the underline will not ap- 
pear. 


Blanking is accomplished by the VSP (Video Sup- 


pression) signal. Underline is accomplished by the 
LTEN (Light Enable) signal. 
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DOT FORMAT 
Dot width and character width are dependent upon 
the external timing and control circuitry. 


Dot level timing circuitry should be designed to ac- 
cept the parallel output of the character generator 
and shift it out serially at the rate required by the CRT 
display. 


=N (CHAR 
WIDTH) 


SHIFT 
REGISTER 


Figure 14. Typical Dot Level Block Diagram 


Dot width is a function of dot clock frequency. 


Character width is a function of the character 
generator width. 


Horizontal character spacing is a function of the 
shift register length. 


Note: Video control and timing signals must be synchronized 


with the video signal due to the character generator ac- 


cess delay. 


Raster Timing 


The character counter is driven by the character 
clock input (CCLK). It counts out the characters 
being displayed (programmable from 1 to 80). It then 
causes the line counter to increment, and it starts 
counting out the horizontal retrace interval (pro- 
grammable from 2 to 32). This process is constantly 
repeated. 


PROGRAMMABLE 1 TO 80 CCLKS PROGRAMMABLE 
2 TO 32 CCLKS 


NEXT 


PRESENT LINE COUNT LINE COUNT 


Figure 15. Line Timing 
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The line counter is driven by the character counter. It 
is used to generate the line address outputs (LCp_3) 
for the character generator. After it counts all of the 
lines in a character row (programmable from 1 to 
16), it increments the row counter, and starts over 
again. (See Character Format Section for detailed 
description of Line Counter functions.) 


The row counter is an internal counter driven by the 
line counter. It controls the functions of the row buf- 
fers and counts the number of character rows 
displayed. 


ONE CHARACTER ROW 


INTERNAL 


ROW COUNTER PRESENT ROW 


NEXT ROW 


PROGRAMMABLE 1 TO 16 
LINE COUNTS 


Figure 16. Row Timing 


After the row counter counts all of the rows ina 
frame (programmable from 1 to 64), it starts count- 
ing out the vertical retrace interval (programmable 
from 1 to 4). 


pT i! oi FRAME 


INTERNAL 
ROW COUNTER 


FIRST LAST FIRST LAST 
ai ia a a 


PROGRAMMABLE 
1 TO 64 ROW COUNTS 


PROGRAMMABLE 
1 TO 4 ROW COUNTS 


Figure 17. Frame Timing 


The Video Suppression Output (VSP) is active dur- 
ing horizontal and vertical retrace intervals. 


Dot level timing circuitry must synchronize these 
outputs with the video signal to the CRT Display. 
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Interrupt Timing 


The 8276 can be programmed to generate an inter- 
rupt request at the end of each frame. If the 8276 
interrupt enable flag is set, an interrupt request will 
occur at the beginning of the /ast display row. 


INTERNAL 
ROW 
COUNTER 


FIRST 


Figure 18. Beginning of Interrupt 


INT will go inactive after the status register is read. 


INT 


Figure 19. End of Interrupt 


A reset command will also cause INT to go inactive, 
but this is not recommended during normal service. 


Note: Upon power-up, the 8276 Interrupt Enable Flag may be set. 
As aresult, the user’s cold start routine should write a reset 
command to the 8276 before system interrupts are 
enabled. 


VISUAL ATTRIBUTES 
AND SPECIAL CODES 


The characters processed by the 8276 are 8-bit 
quantities. The character code outputs provide the 
character generator with 7 bits of address. The Most 
Significant Bit is the extra bit and it is used to deter- 
mine if it is anormal display character (MSB = 0), or 
if it is a Field Attribute or Special Code (MSB = 1). 
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Special Codes 


Four special codes are available to help reduce bus 
usage. 


SPECIAL CONTROL CHARACTER 


MSB LSB 
11147 00s S$ 
SPECIAL CONTROL CODE 


FUNCTION 


End of Row 

End of Row-Stop Buffer Loading 
End of Screen 

End of Screen-Stop Buffer Loading 


- - 0 O |W 
-o-- 0;M8 


The End of Row Code (00) activates VSP and holds it 
to the end of the line. 


The End of Row-Stop Buffer Loading (BRDY) Code 
(01) causes the Buffer Loading Control Logic to stop 
buffer loading for the rest of the row upon being 
written into the Row Buffer. It affects the display in 
the same way as the End of Row Code (00). 


The End of Screen Code (10) activates VSP and 
holds it to the end of the frame. 


The End of Screen-Stop Buffer Loading (BRDY) 
Code (11) causes the Row Buffer Control Logic to 
stop buffer loading for the rest of the frame upon 
being written. It affects the display in the same way 
as the End of Screen Code (10). 


If the Stop Buffer Loading feature is not used, all 
characters after an End of Row character are ig- 
nored, except for the End of Screen character, 
which operates normally. All characters after an End 
of Screen character are ignored. 


Note: If a Stop Buffer Loading is not the last character in a row, 
Buffer Loading is not stopped until after the next character 
is read. In this situation, a dummy character must be 
placed in memory after the Stop Buffer Loading character. 


Field Attributes 


The field attributes are control codes which affect 
the visual characteristics for a field of characters, 
starting at the character following the code up to, 
and including, the character which precedes the 
next field attribute code, or up to the end of the 
frame. The field attributes are reset during the verti- 
cal retrace interval. 
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The 8276 can be programmed to provide visible field 
attribute characters; all field attribute codes will oc- 
cupy a position on the screen. These codes will ap- 
pear as blanks caused by activation of the Video 
Suppression output (VSP). The chosen visual attri- 
butes are activated after this blanked character. 


There are six field attributes: 


1. Blink—Characters following the code are 
caused to blink by activating the Video Sup- 
pression output (VSP). The blink frequency is 
equal to the screen refresh frequency divided 
by 32. 


2. Highlight—Characters following the code are 
caused to be highlighted by activating the High- 
light output (HGLT). 

3. Reverse Video—Characters following the code 


are caused to appear with reverse video by ac- 
tivating the Reverse Video output (RVV). 


4. Underline—Characters following the code are 
caused to be underlined by activating the Light 
Enable output (LTEN). 


5,6. General Purpose—There are two additional 
8276 outputs which act as general purpose, in- 
dependently programmable field attributes. 
GPAp_; are active high outputs. 


123 4 5 


6789 


Figure 20. Example of a Visible Field Attribute 
(Underline Attribute) 


FIELD ATTRIBUTE CODE 


MSB LSB 
1Q0URGGBH 
| Laas GET rr 
| BLINK 
GENERAL PURPOSE 


REVERSE VIDEO 
UNDERLINE 
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FOR HIGHLIGHTING 
FOR BLINKING 

FOR REVERSE VIDEO 
FOR UNDERLINE 
GPA,, GPAy 


Oocwwr 
Se ee 


G 


Note: More than one attribute can be enabled at the same time. 
If the blinking and reverse video attributes are enabled 
simultaneously, only the reversed characters will blink. 


Cursor Timing 


The cursor location is determined by a cursor row 
register and a character position register which are 
loaded by command to the controller. The cursor 
can be programmed to appear on the display as: 


1. a blinking underline 

2. a blinking reverse video block 

3. a non-blinking underline 

4. anon-blinking reverse video block 


The cursor blinking frequency is equal to the screen 
refresh frequency divided by 16. 


If a non-blinking reverse video cursor appears ina 
non-blinking reverse video fie/d, the cursor will ap- 
pear as a normal video block. 


If anon-blinking underline cursor appears in a non- 
blinking underline fie/d, the cursor will not be 
visible. 


Device Programming 


The 8276 has two programming registers, the Com- 
mand Register and the Parameter Register. It also 
has a Status Register. The Command Register can 
Only be written into and the Status Register can only 
be read from. They are addressed as follows: 


C/P 


Po | Reed | Reserved 
Co | Write | Parameter 


OPERATION 


: 


The 8276 expects to receive a command and a sequ- 
ence of 0 to 4 parameters, depending on the com- 
mand. If the proper number of parameter bytes are 
not received before another command is given, a 
Status flag is set, indicating an improper command. 
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Instruction Set Parameter—VV Vertical Retrace Row Count 
NO. OF ROW COUNTS PER VRTC 


The 8276 instruction set consists of 7 commands. 


COMMAND NO. OF PARAMETER BYTES 


Reset 


Start Display 0 
Stop Display 0 
Load Cursor 2 
Enable Interrupt 0 
Disable Interrupt 0 
Preset Counters 0 


In addition, the status of the 8276 can be read by the 
CPU at any time. 


1. RESET COMMAND 


DATA BUS 
OPERATION | C/P | DESCRIPTION SB 


S 
[wete | 1 [Reset Gonmana] 0000000 | 
Tee [oa [emninee 
Te [oa [oenennne 
Time [o Pa [rere 
we [eo Pame [wrccreee | 


Action—After the reset command is written, BRDY 
goes inactive, 8276 interrupts are disabled, and the 
VSP output is used to blank the screen. HRTC and 
VRTC continue to run. HRTC and VRTC timing are 
random on power-up 


Command 


Parameter—UUUU Underline Placement 


LINE NUMBER OF 
UNDERLINE 


Parameters 


iat 8 Par — j 
As parameters are written, the screen composition is 7 es Lemon of Lines 


defined. 
L NO. OF LINES/ROW 


Parameter—S Spaced Rows 
FUNCTIONS 


Normal Rows 


LLL 
000 
000 
00 1 


Spaced Rows 


Parameter—HHHHHHH 
Horizontal Characters/Row 


NO. OF CHARACTERS 
PER ROW 


Mode 0 (Non-Offset) 
Mode 1 (Offset by 1 Count) 


Parameter—CC Cursor Format 


80 


1004.11.49 
101000 Undefined "* rile nce sil 
0 0 Blinking reverse video block 
0 1 Blinking underline 
: 1 0 Non-blinking reverse video block 
Undefined 1 1 Non-blinking underline 
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Parameter—ZZZZ Horizontal Retrace Count 


NO. OF CHARACTER 
COUNTS PER HRTC 


Note: uuuu MSB determines blanking of top and bottom lines 
(1 = blanked, 0 = not blanked). 


2. START DISPLAY COMMAND 


DATA BUS 
OPERATION | C/P | DESCRIPTION SB LS 


M 
Start Display 00100000 


Command 


No parameters 


Action—8276 interrupts are enabled, BRDY goes 
active, video is enabled, Interrupt Enable and Video 
Enable status flags are set. 


3. STOP DISPLAY COMMAND 


DATA BUS 
SB LS 


OPERATION | C/P | DESCRIPTION 


| Write | 14 | Stop Display 01000000 


No parameters 


Command 


Action—Disables video, interrupts remain enabled, 
HRTC and VRTC continue to run, Video Enable 
status flag is reset, and the ‘Start Display’? com- 
mand must be given to reenable the display. 


4. LOAD CURSOR POSITION 


DATA BUS 
OPERATION | C/P | DESCRIPTION SB LS 


Write Char. Number (Char. Position in Row) 
Write Row Number (Row Number) 


Action—The 8276 is conditioned to place the next 
two parameter bytes into the cursor position regis- 
ters. Status flag not affected. 


Command 


Parameters 


5. ENABLE INTERRUPT COMMAND 


DATA BUS 
SB LS 


OPERATION | C/P DESCRIPTION 


Enable Interrupt | 10100000 


No parameters 


Command 


Action—The interrupt enable flag is set and inter- 
rupts are enabled. 
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6. DISABLE INTERRUPT COMMAND 


DATA BUS 
SB LS 


OPERATION |C/P | DESCRIPTION 


M B 
| write | 1 | Disable Interrupt |1 100 00 0 0 


Command 


Write 
No parameters 


Action—interrupts are disabled and the interrupt 
enable status flag is reset. 


7. PRESET COUNTERS COMMAND 


DATA BUS 
OPERATION | C/P | DESCRIPTION SB L 


M 
| Write =| 1 | Preset Counters |1 1100000 


Action—The internal timing counters are preset, 
corresponding to ascreen display position at the top 
left corner. Two character clocks are required for 
this operation. The counters will remain in this state 
until any other command is given. 


Command 


This command is useful for system debug and syn- 
chronization of clustered CRT displays on a single 
CPU. 


Status Flags 


DATA BUS 
OPERATION | C/P | DESCRIPTION | MSB LS 


lE — (Interrupt Enable) Set or reset by command. 
It enables vertical retrace interrupt. It is auto- 
matically set by a ‘‘Start Display’’ command 
and reset with the ‘‘Reset’”” command. 


IR — (Interrupt Request) This flag is set at the be- 
ginning of display of the last row of the frame 
if the interrupt enable flag is set. It is reset 
after a status read operation. 


IC — (Improper Command) This flag is set when a 
command parameter string is too long or too 
short. The flag is automatically reset after a 
status read. 


VE — (Video Enable) This flag indicates that video 
operation of the CRT is enabled. This flag is 
set on a ‘Start Display’» command, and reset 
on a ‘Stop Display” or ‘‘Reset’”’ command. 


BU — (Buffer Underrun) This flag is set whenever a 
Row Buffer is not filled with character data in 
time for a buffer swap required by the display. 
Upon activation of this bit, buffer loading 
ceases, and the screen is blanked until after 
the vertical retrace interval. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ....0°C to 70°C 

Storage Temperature oo. —~65°C to +150°C “NOTICE: Stresses above those listed under “Absolute Maxi- 

Volt On Any Pi mum Ratings’’ may cause permanent damage to the device. This 
0 age mushy ri is a stress rating only and functional operation of the device at 
With Respect to Ground ........ —0.5V to +7V these or any other conditions above those indicated in the opera- 

Power Dissipation ....................08. 1 Watt tional sections of this specification is not implied. 


D.C. CHARACTERISTICS (tg = 0°C to 70°C; Vcc = 5V +5%) 


SYMBOL PARAMETER 


Input Capacitance 


Cio I/O Capacitance 
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Vin = Voc to OV 
pA Vout = Vcc to 0.45V 
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A.C. CHARACTERISTICS (tT, = 0°C to 70°C; Voc = 5.0V +5%; GND = OV) 
Bus Parameters (Note 1) 


READ CYCLE 


SYMBOL PARAMETER 


Address Stable Before READ 


co | 
[Aadress Hola Time for READ | 0 | 
30 
C0 
C20 [100 


UNITS TEST CONDITIONS 


C, = 150pF 


| tar _| READ Pulse Width 
Data Delay from READ 
READ to Data Floating 


WRITE CYCLE 


twa [Adress Hold Time for WRITE [0 
“tw [WATE Pulse With | 280 
two [Date Hola Time torware | 0 


CLOCK TIMING 


rsvmeot| —_paraweven | win. | WAX 
~<a aes ie ae 
— 
eo | 

| 6 


re 
a 


Note 1: AC timings measured at Voy = 2.0, Voy. = 0.8, Vin = 2.4, Vit = 0.45. 


OTHER TIMING 


_symeou| PARAMETER | MIN. |_ MAX. | UNITS TEST CONDITIONS 
tec [Character Code Output Delay | | 150 | ne [Q=80eF 
| tn __|HorizontalRetrace OutputDelay |_| 200, | ns_ | e=50pFo 
Line Count Output Delay P| g00 | ons C, = 50 pF 

ee a a CC 
Pa intirom ABT TY SOR 
Ting _(SROViromwal——SSS«YSSSC*d?SCtiSYs 
ptr |esitowR | ts 
ta jwattoess | ts 
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WAVEFORMS 
Typical Dot Level Timing 


EXT DOT CLK 


FIRST CHARACTER CODE SECOND CHARACTER CODE 


}+——— ROM ACCESS» 
| 


CHARACTER 
GENERATOR FIRST CHARACTER SECOND CHARACTER 
OUTPUT 


ATTRIBUTES 
& CONTROLS ATTRIBUTES & iii FOR FIRST CHAR. 


SHIFT REGISTER SETUP + 


VIDEO 
(FROM SHIFT 
REGISTER) 


EE AERIS CREO Fo SEE RTE RT re 


FIRST CHARACTER SECOND CHARACTER 


ATTRIBUTES 
SYNCHRONIZER) 
*CCLK IS A MULTIPLE OF THE DOT CLOCK AND AN INPUT TO THE 8276. 


Line Timing 


FIRST SECOND LAST FIRST LAST 
DISPLAY DISPLAY DISPLAY | RETRACE RETRACE | 
CHARACTER CHARACTER CHARACTER CHARACTER CHARACTER 
+— tHR 
'+—— PROGRAMMABLE FROM|2 TO 32 CCLKS —»> 


——— PROGRAMMABLE FROM 1 TO 80 CHARACTERS ——— 
+t— tHR 
| 


NEXT LINE COUNT 


PRESENT LINE COUNT 


ee rd ( 


> j+—tat 
VIDEO 
CONTROLS 
AND ATTRIBUTES * 
| 


VSP, LTEN, HGLT, RVV, GPAg_ 4 
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Row Timing 


PROGRAMMABLE FROM 1 TO 16 LINES 


INTERNAL 
ROW LAST ROW PRESENT ROW NEXT ROW 
COUNTER 


Frame Timing 


INTERNAL TF OND LA 
ROW DISPLAY X DISPLAY DISPLAY 

COUNTER RO ROW ROW 

—enlig  ——e 


a _ PROGRAMMABLE FROM _ 
PROGRAMMABLE FROM 1 TO 64 ROWS 1 TO 4 ROWS 


Interrupt Timing 


LAST RETRACE FIRST RETRACE 
CHARACTER CHARACTER 


ae ce me ee ete ee | + 
LCp_3 FIRST LINE COUNT 
—— 


ee a ee 


INTERNAL 
ROW LAST DISPLAY ROW 


COUNTER 


tir 
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Timing for Buffer Loading 


Write Timing 


BS, C/P, CS invaLiDY| 


DBo-7 


Clock Timing 


INVALID 


VALID 
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Read Timing 


INVALID 


a 
4 
DBo_7 UW HIGH iwreance //// pata vaLiol///AHIGHZ// 
fi 


INVALID 


Input and Output Waveforms for A.C. Tests 


2.4 
2.0 2.0 
TEST POINTS 
0.45 oe a 


FOR A.C. TESTING, INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” 
AND 0.45V FOR A LOGIC ‘0.’ TIMING MEASUREMENTS FOR INPUT 


AND OUTPUT SIGNALS ARE MADE AT 2.0V FOR A LOGIC ‘1 AND 
0.8V FOR A LOGIC “'0.”’ 
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8279/8279-5 
PROGRAMMABLE KEYBOARDIDISPLAY INTERFACE 


a MCS-85™ Compatible 8279-5 


= Simultaneous Keyboard Display 
Operations 


= Scanned Keyboard Mode 

= Scanned Sensor Mode 

a Strobed Input Entry Mode 
w 8-Character Keyboard FIFO 


a 2-Key Lockout or N-Key Rollover with 


Contact Debounce 


The Intel® 8279 is a general purpose programmable keyboard and display I/O interface device designed for use with 
Intel® microprocessors. The keyboard portion can provide a scanned interface to a 64-contact key matrix. The 
keyboard portion will also interface to an array of sensors or a strobed interface keyboard, such as the hall effect and 
ferrite variety. Key depressions can be 2-key lockout or N-key rollover. Keyboard entries are debounced and strobed in 
an 8-character FIFO. If more than 8 characters are entered, overrun status is set. Key entries set the interrupt output 


line to the CPU. 


The display portion provides a scanned display interface for LED, incandescent, and other popular display 
technologies. Both numeric and alphanumeric segment displays may be used as well as simple indicators. The 8279 
has 16X8 display RAM which can be organized into dual 16X4. The RAM can be loaded or interrogated by the CPU. Both 
right entry, calculator and left entry typewriter display formats are possible. Both read and write of the display RAM 


a Dual 8- or 16-Numerical Display 
a Single 16-Character Display 


a Right or Left Entry 16-Byte Display 
RAM 


= Mode Programmable from CPU 
a Programmable Scan Timing 


s Interrupt Output on Key Entry 


can be done with auto-increment of the display RAM address. 


CNTL/STB |<———_—_—_. 


CPU 
INTERFACE 


DATA 


Figure 1. Logic Symbol 


~ KEY DATA 


DISPLAY 
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Rt2C}1 40 Vcc 
RL3L]} 2 39 [JRL 
CLK] 3 38 [ ]RLo 
iROC]4 37 CCNTL/STB 


Rig} 5 36 [1 SHIFT 
Ris(]6 35 [1 SL3 
Rie (7 34 FJSL2 
RL7(18 331 st, 
RESETCI9 32 [1 SLo 


RD (J 10 31 [_] OUT By 
WR 11 30 [] OUT B, 
DB, CY 12 29 [] OUT Bz 
28 |] OUT B3 
27 [J OUT Ao 
26 [] OUT A, 
25 DouT Az 


DB, 24 [] OUT A3 
DB, 23 [) 85 
DB, 22 [cs 
Veg 211 J Ao 


Figure 2. Pin Configuration 
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HARDWARE DESCRIPTION 


The 8279 is packaged in a 40 pin DIP. The following is 
a functional description of each pin. 


Table 1. Pin Descriptions 


DB,-DB; Bi-directional data bus: All data 
and commands between the CPU 
and the 8279 are transmitted on 
these lines. 


CLK 1 | Clock: Clock from system used to 
generate internal timing. 


RESET 1 | Reset: Ahigh signal on this pin re- 
sets the 8279. After being reset the 
8279 is placed in the following 
mode: 

1) 16 8-bit character display 
—left entry. 

2) Encoded scan keyboard—2 
key lockout. 

Along with this the program clock 

prescaler is set to 31. 

CS 1 | Chip Select: A low on this pin en- 
ables the interface functions to 
receive or transmit. 

Ao 1 | Buffer Address: A high on this 
line indicates the signals in or out 
are interpreted as a command or 
status. A low indicates that they 
are data. 

RD, WR Input/Output Read and Write: 
These signals enable the data 
buffers to either send data to the 
external bus or receive it from the 
external bus. 

1 
interrupt line goes high whenever 
a change in a sensor is detected. 
Co ae Ground and power supply pins. 
SLo-SL3 Scan Lines: Scan lines which are 
used to scan the key switch or 
RLo-RL; ; 


Interrupt Request: In a key- 
board mode, the interrupt line is 
high when there is data in the 
FIFO/Sensor RAM. The interrupt 
line goes low with each FIFO/ 
Sensor RAM read and returns 
high if there is still information in 
the RAM. In a sensor mode, the 


sensor matrix and the display 
digits. These lines can be either 
encoded (1 of 16) or decoded (1 
of 4). 


Return Line: Return line inputs 
which are connected to the scan 
lines through the keys or sensor 
switches. They have active internal 
pullups to keep them high until a 
switch closure pulls one low. They 
also serve as an 8-bit input in the 
Strobed Input mode. 


8-265 


Name and Function 


SHIFT Re The shift input status is 


stored along with the key position 
on key closure in the Scanned Key- 
CNTL/STB 
OUT Ap-OUT Az 
OUT By-OUT B3 ; 


board modes. It has an active in- 
FUNCTIONAL DESCRIPTION 


ternal pullup to keep it high until a 
switch closure pulls it low. 


Control/Strobed Input Mode: For 
keyboard modes this line is used 
as a control input and stored like 
status on a key closure. The line 
is also the strobe line that enters 
the data into the FIFO in the 
Strobed Input mode. 


(Rising Edge). It has an active in- 
ternal pullup to keep it high until 
a switch closure pulls it low. 


Outputs: These two ports are the 
outputs for the 16 x 4 display re- 
fresh registers. The data from 
these outputs is synchronized to 
the scan lines (SLo—SL3) for multi- 
plexed digit displays. The two 4 
bit ports may be blanked inde- 
pendently. These two ports may 
also be considered as one 8-bit 
port. 


Blank Display: This output is 
used to blank the display during 
digit switching or by a display 
blanking command. 


Since data input and display are an integral part of many 
microprocessor designs, the system designer needs an 
interface that can control these functions without placing 
a large load on the CPU. The 8279 provides this function 
for 8-bit microprocessors. 


The 8279 has two sections: keyboard and display. The 
keyboard section can interface to regular typewriter style 
keyboards or random toggle or thumb switches. The 
display section drives alphanumeric displays or a bank of 
indicator lights. Thus the CPU is relieved from scanning 
the keyboard or refreshing the display. 


The 8279 is designed to directly connect to the 
microprocessor bus. The CPU can program all operating 
modes for the 8279. These modes include: 
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input Modes 


e Scanned Keyboard — with encoded (8 x 8 key 
keyboard) or decoded (4 x 8 key keyboard) scan lines. 
A key depression generates a 6-bit encoding of key 
position. Position and shift and control status are 
stored in the FIFO. Keys are automatically debounced 
with 2-key lockout or N-key rollover. 


Scanned Sensor Matrix — with encoded (8 x 8 matrix 
switches) or decoded (4 x 8 matrix switches) scan lines. 
Key status (open or closed) stored in RAM addressable 
by CPU. 


Strobed Input -—- Data on return lines during control 
line strobe is transferred to FIFO. 


Output Modes 


e 8 or 16 character multiplexed displays that can be or- 
ganized as dual 4-bit or single 8-bit (Bp = Do, Az = D7). 


e Right entry or left entry display formats. 


Other features of the 8279 include: 
e 


Mode programming from the CPU. 


e Clock Prescaler 


Interrupt output to signal CPU when there is keyboard 
or sensor data available. 


An 8 byte FIFO to store keyboard information. 


16 byte internal Display RAM for display refresh. This 
RAM can also be read by the CPU. 


CLK RESET DBO-7 


f 


DATA 
BUFFERS 


f 


INTERNAL - DATA BUS 


DISPLAY - 
ADDRESS 


TIMING 


REGISTERS REGISTERS 


TIMING 
AND 
CONTROL 


DISPLAY 
REGISTERS 


OUT Ag.3 OUT Bo3 


CONTROL AND 


PRINCIPLES OF OPERATION 


The following is a description of the major elements of the 
8279 Programmable Keyboard/Display interface device. 
Refer to the block diagram in Figure 3. 


1/O Control and Data Buffers 


The 1/O control section uses the CS, Ao, RD and WR lines 
to control data flow to and from the various internal 
registers and buffers. All data flow to and from the 8279 is 
enabled by CS. The character of the information, given or 
desired by the CPU, is identified by Ao. A logic one 
means the information is a command or status. A logic 
zero means the information is data. RD and WR determine 
the direction of data flow through the Data Buffers. The 
Data Buffers are bi-directional buffers that connect the 
internal bus to the external bus. When the chip is not 
selected (CS = 1), the devices are in a high impedance 
state. The drivers input during WReCS and output during 
RD @CS. 


Control and Timing Registers and Timing Control 


These registers store the keyboard and display modes and 
other operating conditions programmed by the CPU. The 
modes are programmed by presenting the proper 
command on the data lines with Ao = 1 and then sending 
a WR. The command is latched on the rising edge of WR. 


CS IRQ 
FIFO/SENSOR 

1/0 CONTROL RAM 
ae T 


8x8 
FIFO/SENSOR 


(8) 


KEYBOARD 
DEBOUNCE 
AND 
CONTROL 


SCAN COUNTER 


¥ 


SLo.2 


RETURN 


fl SHIFT 


RlLo7 CNTL/STB 


Figure 3. Internal Block Diagram 
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The command is then decoded and the appropriate 
function is set. The timing control contains the basic 
timing counter chain. The first counter is a + N prescaler 
that can be programmed to yield an internal frequency 
of 100 kHz which gives a5.1 ms keyboard scan time and 
a 10.3 ms debounce time. The other counters divide 
down the basic internal frequency to provide the proper 


key scan, row scan, keyboard matrix scan, and display 
scan times. 


Scan Counter 


The scan counter has two modes. In the encoded mode, 
the counter provides a binary count that must be 
externally decoded to provide the scan lines for the 
keyboard and display. In the decoded mode, the scan 
counter decodes the least significant 2 bits and provides a 
decoded 1 of 4 scan. Note than when the keyboard is in 
decoded scan, so is the display. This means that only the 
first 4 characters in the Display RAM are displayed. 


In the encoded mode, the scan lines are active high 
outputs. In the decoded mode, the scan lines are active 
low outputs. 


Return Buffers and Keyboard Debounce 

and Control 

The 8 return lines are buffered and latched by the Return 
Buffers. In the keyboard mode, these lines are scanned, 
looking for key closures in that row. If the debounce 
circuit detects a closed switch, it waits about 10 msec to 
check if the switch remains closed. If it does, the address 
of the switch in the matrix plus the status of SHIFT and 
CONTROL are transferred to the FIFO. In the scanned 
Sensor Matrix modes, the contents of the return lines is 
directly transferred to the corresponding row of the 
Sensor RAM (FIFO) each key scan time. In Strobed Input 
mode, the contents of the return lines are transferred to 
the FIFO on the rising edge of the CNTL/STB line pulse. 


FIFO/Sensor RAM and Status 


This block is a dual function 8 x 8 RAM. In Keyboard or 
Strobed Input modes, it is a FIFO. Each new entry is 
written into successive RAM positions and each is then 
read in order of entry. FIFO status keeps track of the 
number of characters in the FIFO and whether it is full or 
empty. Too many reads or writes will be recognized as an 
error. The status can be read by an RD with CS low and 
Ao high. The status logic also provides an IRQ signal 
when the FIFO is not empty. In Scanned Sensor Matrix 
mode, the memory is a Sensor RAM. Each row of the 
Sensor RAM is loaded with the status of the correspond- 
ing row of sensor in the sensor matrix. In this mode, IRQ is 
high if a change in a sensor is detected. 


Display Address Registers and Display RAM 


The Display Address Registers hold the address of the 
word currently being written or read by the CPU and the 
two 4-bit nibbles being displayed. The read/write 
addresses are programmed by CPU command. They also 
can be set to auto increment after each read or write. The 
Display RAM can be directly read by the CPU after the 
correct mode and address is set. The addresses for the A 
and B nibbles are .:utomatically updated by the 8279 to 
match data entry by the CPU. The A and B nibbles can be 
entered independently or as one word, according to the 
mode that is set by the CPU. Data entry to the display can 
be set to either left or right entry. See Interface 
Considerations for details. 
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SOFTWARE OPERATION 


8279 commands 


The following commands program the 8279 operating 
modes. The commands are sent on the Data Bus with CS 
low and Ao high and are loaded to the 8279 on the rising 
edge of WR. 


Keyboard/Display Mode Set 
MSB 


LSB 
Oo {ojo [0 |b |k jk Ik! 


Where DD is the Display Mode and KKK is the Keyboard 
Mode. 


Code: 


DD 

0 O- 8 8-bit character display — Left entry 

0 1 16 8-bit character display — Left entry” 
1 O 8 8-bit character display — Right entry 

1 1 16 8-bit character display — Right entry 


For description of right and left entry, see Interface 
Considerations. Note that when decoded scan is set in 
keyboard mode, the display is reduced to 4 characters 
independent of display mode set. 


KKK 

0 0 O- Encoded Scan Keyboard — 2 Key Lockout* 
0 O 1 Decoded Scan Keyboard — 2-Key Lockout 

0 1 0 Encoded Scan Keyboard — N-Key Rollover 
0 1 1 Decoded Scan Keyboard — N-Key Rollover 
1 0 OQ - Encoded Scan Sensor Matrix 

1 0 1 Decoded Scan Sensor Matrix 

1 1 0  Strobed Input, Encoded Display Scan 

1 1 #1 + #42Strobed Input, Decoded Display Scan 


Program Clock 


Code: |o}o{1)P [P| P|P| P| 


All timing and multiplexing signals for the 8279 are 
generated by an internal prescaler. This prescaler 
divides the external clock (pin 3) by a programmable 
integer. Bits PPPPP determine the value of this integer 
which ranges from 2 to 31. Choosing a divisor that yields 
100 kHz will give the specified scan and debounce 
times. For instance, if Pin 3 of the 8279 is being clocked - 
by a 2 MHz signal, PPPPP should be set to 10100 to 
divide the clock by 20 to yield the proper 100 kHz operat- 
ing frequency. 


Read FIFO/Sensor RAM 


Code: Fo} 1] o} all x} A; ATA X = Don’t Care 


The CPU sets up the 8279 for a read of the FIFO/Sensor 
RAM by first writing this command. In the Scan Key- 


“Default after reset. 
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board Mode, the Auto-increment flag (Al) and the RAM 
address bits (AAA) are irrelevant. The 8279 will automati- 
cally drive the data bus for each subsequent read (Ag = 0) 
in the same sequence in which the data first entered the 


FIFO. All subsequent reads will be from the FIFO until 
another command is issued. 


In the Sensor Matrix Mode, the RAM address bits AAA 
select one of the 8 rows of the Sensor RAM. If the Al flag 
is set (Al= 1), each successive read will be from the sub- 
sequent row of the sensor RAM. 


Read Display RAM 


code: [ols |tjaijalalala 


The CPU sets up the 8279 for a read of the Display RAM 
by first writing this command. The address bits AAAA 
select one of the 16 rows of the Display RAM. If the Al 
flag is set (Al= 1), this row address will be incremented 
after each following read or write to the Display RAM. 
Since the same counter is used for both reading and 
writing, this command sets the next read or write 
address and the sense of the Auto-Increment mode for 
both operations. 


Write Display RAM 


code: | t/ololaijalalala 


The CPU sets up the 8279 for a write to the Display RAM 
by first writing this command. After writing the com- 
mand with Ap= 1, all subsequent writes with Ag=0 will 
be to the Display RAM. The addressing and Auto- 
Increment functions are identical to those for the Read 
Display RAM. However, this command does not affect 
the source of subsequent Data Reads; the CPU will read 
from whichever RAM (Display or FIFO/Sensor) which 
was last specified. If, indeed, the Display RAM was last 
specified, the Write Display RAM will, nevertheless, 
change the next Read location. 


Display Write Inhibit/Blanking 


A B A B 
code: § [1 | 0] 1/ x [iw| iw] Bt] BL! 


The IW Bits can be used to mask nibble A and nibble B 
in applications requiring separate 4-bit display ports. By 
setting the IW flag (IW = 1) for one of the ports, the port 
becomes marked so that entries to the Display RAM 
from the CPU do not affect that port. Thus, if each nibble 
is input to a BCD decoder, the CPU may write a digit to 
the Display RAM without affecting the other digit being 
displayed. It is important to note that bit By corresponds 
to bit Dp on the CPU bus, and that bit A3 corresponds to 
bit Dz. 


If the user wishes to blank the display, the BL flags are 
available for each nibble. The last Clear command issued 
determines the code to be used as a “‘blank.”’ This code 
defaults to all zeros after a reset. Note that both BL 
flags must be set to blank a display formatted with a 
single 8-bit port. 
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Clear 


Code: [1] 1] 0/Cp| Co] Co] Cr] Ca 


The Cp bits are available in this command to clear all 
rows of the Display RAM to a selectable blanking code 
as follows: 

Cp Cp Cp 


0 X All Zeros (X = Don’t Care) 
1 O AB = Hex 20 (0010 0000) 
1 1 All Ones 


Enable clear display when = 1 (or by Ca, = 1) 


During the time the Display RAM is being cleared (~ 160 us), 
it may not be written to. The most significant bit of the 
FIFO status word is set during this time. When the Dis- 
play RAM becomes available again, it automatically 
resets. 


If the Ce bit is asserted (C-=1), the FIFO status is 
cleared and the interrupt output line is reset. Also, the 
Sensor RAM pointer is set to row 0. 


Ca, the Clear All bit, has the combined effect of Cp and 
C,; it uses the Cp clearing code on the Display RAM and 
also clears FIFO status. Furthermore, it resynchronizes 
the internal timing chain. 


End Interrupt/Error Mode Set 


afta pe lx |x [x}x X = Don't care. 


For the sensor matrix modes this command lowers the 
IRQ line and enables further writing into RAM. (The IRQ 
line would have been raised upon the detection of a 
change in a sensor value. This would have also inhibited 
further writing into the RAM until reset). 


Code: 


For the N-key rollover mode — if the E bit is programmed 
to “1” the chip will operate in the special Error mode. (For 
further details, see Interface Considerations Section.) 


Status Word 


The status word contains the FIFO status, error, and 
display unavailable signals. This word is read by the CPU 
when Ao is high and CS and RD are low. See Interface 
Considerations for more detail on status word. 


Data Read 


Data is read when Ao, CS and RD are all low. The source 
of the data is specified by the Read FIFO or Read Display 
commands. The trailing edge of RD will cause the address 
of the RAM being read to be incremented if the Auto- 
Increment fiag is set. FIFO reads always increment (if no 
error occurs) independent of Al. 


Data Write 


Data that is written with Ao, CS and WR low is always 
written to the Display RAM. The address is specified by the 
latest Read Display or Write Display command. Auto- 
Incrementing on the rising edge of WR occurs if Al set by 
the latest display command. 
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INTERFACE CONSIDERATIONS 


Scanned Keyboard Mode, 2-Key Lockout 


There are three possible combinations of conditions 
that can occur during debounce scanning. When a key is 
depressed, the debounce logic is set. Other depressed 
keys are looked for during the next two scans. If none 
are encountered, it is a single key depression and the 
key position is entered into the FIFO along with the 
status of CNTL and SHIFT lines. If the FIFO was empty, 
IRQ will be set to signal the CPU that there is an entry in 
the FIFO. If the FIFO was full, the key will not be entered 
and the error flag will be set. If another closed switch is 
encountered, no entry to the FIFO can occur. If all other 
keys are released before this one, then it will be entered 
to the FIFO. If this key is released before any other, it 
will be entirely ignored. A key is entered to the FIFO 
only once per depression, no matter how many keys 
were pressed along with it or in what order they were 
released. If two keys are depressed within the debounce 
cycle, it is a simultaneous depression. Neither key will 
be recognized until one key remains depressed alone. 
The last key will be treated as a single key depression. 


Scanned Keyboard Mode, N-Key Rollover 


With N-key Rollover each key depression is treated 
independently from all others. When a key is depressed, 
the debounce circuit waits 2 keyboard scans and then 
checks to see if the key is still down. If it is, the key is 
entered into the FIFO. Any number of keys can be 
depressed and another can be recognized and entered 
into the FIFO. If a simultaneous depression occurs, the 
keys are recognized and entered according to the order 
the keyboard scan found them. 


Scanned Keyboard — Special Error Modes 


For N-key rollover mode the user can program a special 
error mode. This is done by the “End Interrupt/Error Mode 
Set” command. The debounce cycle and key-validity 
check are as in normal N-key mode. If during a single 
debounce cycle, two keys are found depressed, this is 
considered a simultaneous multiple depression, and sets 
an error flag. This flag will prevent any further writing into 
the FIFO and will set interrupt (if not yet set). The error flag 
could be read in this mode by reading the FIFO STATUS 
word. (See “FIFO STATUS” for further details.) The error 
flag is reset by sending the normal CLEAR command with 
Cr = 1. 


Sensor Matrix Mode 


In Sensor Matrix mode, the debounce logic is inhibited. 
The status of the sensor switch is inputted directly to the 
Sensor RAM. In this way the Sensor RAM keeps an image 
of the state of the switches in the sensor matrix. Although 
debouncing is not provided, this mode has the advantage 
that the CPU knows how long the sensor was closed and 
when it was released. A keyboard mode Can only indicate 
a validated closure. To make the software easier, the 
designer should functionally group the sensors by row 
since this is the format in which the CPU will read them. 


The IRQ line goes high if any sensor value change is 
detected at the end of asensor matrix scan. The IRQ line is 
cleared by the first data read operation if the Auto- 


Increment flag is set to zero, or by the End Interrupt 
command if the Auto-Increment flag is set to one. 


Note: Multiple changes in the matrix Addressed by (SLo-3 
= 0) may cause multiple interrupts. (SLo =0 in the Decoded 
Mode). Reset may cause the 8279 to see multiple changes. 


Data Format 


In.the Scanned Keyboard mode, the character entered 
into the FIFO corresponds to the position of the switch 
in the keyboard plus the status of the CNTL and SHIFT 
lines (non-inverted). CNTL is the MSB of the character 
and SHIFT is the next most significant bit. The next 
three bits are from the scan counter and indicate the 
row the key was found in. The last three bits are from the 
column counter and indicate to which return line the key 
was connected. 


MSB LSB 


SCANNED KEYBOARD DATA FORMAT 


In Sensor Matrix mode, the data on the return lines is 
entered directly in the row of the Sensor RAM that 
corresponds to the row in the matrix being scanned. 
Therefore, each switch postion maps directly to a Sensor 
RAM position. The SHIFT and CNTL inputs are ignored in 
this mode. Note that switches are not necessarily the only 
thing that can be connected to the return lines in this 
mode. Any logic that can be triggered by the scan lines 
can enter data to the return line inputs. Eight multiplexed 
input ports could be tied to the return lines and scanned by 
the 8279. 


MSB LSB 


In Strobed Input mode, the data is also entered to the FIFO 
from the return lines. The data is entered by the rising 
edge of a CNTL/STB line pulse. Data can come from 
another encoded keyboard or simple switch matrix. The 
return lines can also be used as a general purpose strobed 
input. 


MSB LSB 


Display 
Left Entry 


Left Entry mode is the simplest display format inthat each 
display position directly corresponds to a byte (or nibble) 
in the Display RAM. Address 0 in the RAM is the left-most 
display character and address 15 (or address 7 in 8 
character display) is the right most display character. 
Entering characters from position zero causes the display 
to fill from the left. The 17th (9th) character is entered back 
in the left most position and filling again proceeds from 
there. 


8-269 


AFN-00742B 


a 1® 
intel 8279/8279-5 
0 1 oe 14 15<— Display 0 1 2 3 4 5 6 7<—Display 
wr as Gee Address Address 
~ oe AH Ged QBs’ @o°H.6% 7 


16th entry 


0 
E+ ]2] 
0 1 14 15 


14 15 


14 15 


LEFT ENTRY MODE 
(AUTO INCREMENT) 


Os, 4 
17th entry 
0 1 
17 [18 | 


18th entry 


Right Entry 


Right entry is the method used by most electronic 
calculators. The first entry is placed in the right most 
display character. The next entry is also placed in the right 
most character after the display is shifted left one 
character. The left most character is shifted off the end 
and is lost. 


1 2 14 15 O~<€ Display 
23 2 1 168.4 
2nd entry Bi malice 
a 4 0 1 2 
cio CTT DET 
O a :..4 ,*5 13-14 15 
rethenry [i[2] —_ frafis hie ] 
1 2 ee 14 15 O 
vrverew [2]3] ~~ sper 
2 < 16 O 1 
ranenry [Te] Depp 


RIGHT ENTRY MODE 
(AUTO INCREMENT) 


Note that now the display position and register address do 
not correspond. Consequently, entering a character to an 
arbitrary position in the Auto Increment mode may have 
unexpected results. Entry starting at Display RAM address 
0 with sequential entry is recommended. 


Auto Increment 


In the Left Entry mode, Auto Incrementing causes the 
address where the CPU will next write to be incremented 
by one and the character appears in the next location. 
With non-Auto Incrementing the entry is both to the same 
RAM address and display position. Entry to an arbitrary 
address in the Auto Increment mode has no undesirable 
side effects and the result is predictable: 


8-270 


coment TTT TT TTI 
10010101 
Enter next at Location 5 Auto Increment 


0..:3 ‘22° ser4 7b. BF 
3rd entry 


0 2.3 4°32 Bo 


; 
ony CPT TT PET 


LEFT ENTRY MODE 
(AUTO INCREMENT) 


In the Right Entry mode, Auto Incrementing and non 
Incrementing have the same effect as in the Left Entry 
except if the address sequence is interrupted: 


12 3°'4°5 6 7 0-<+-Display 


Address 

2 1 

meery LETT TIPE 
3 4 5 6 1 

command | | | [| | [* {2 


10010101 


Ist entry 


Enter next at Location 5 Auto Increment 


e484 & 6-7-0 1 2 


seen [T 13] | PPT) 
5 6 7° 0 3 
en eny (TaTeT eT 1 


RIGHT ENTRY MODE 
(AUTO INCREMENT) 


Starting at an arbitrary location operates as shown below: 
0.12 3 4 5 6 7 Display 
10010101 Address 


Enter next at Location 5 Auto Increment 


12 3 4 5 6 7 O 


Fa a 


23 45 6 7 O'T 


cra Ae SS 


ist entry 


8th entry 


BGBOEEE 


RIGHT ENTRY MODE 
(AUTO INCREMENT) 


9th entry 
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Entry appears to be from the initial entry point. 


8/16 Character Display Formats 


If the display mode is set to an 8 character display, the on 
duty-cycle is double what it would be for a 16 character 
display (e.g., 5.1 ms scan time for 8 characters vs. 10.3 ms 
for 16 characters with 100 kHz internai frequency). 


G. FIFO Status 


FIFO status is used in the Keyboard and Strobed Input 
modes to indicate the number of characters in the FIFO 
and to indicate whether an error has occurred. There are 
two types of errors possible: overrun and underrun. 
Overrun occurs when the entry of another character intoa 
full FIFO is attempted. Underrun occurs when the CPU 
tries to read an empty FIFO. 


The FIFO status word also has a bit to indicate that the 
Display RAM was unavailable because a Clear Display or 
Clear All command had not completed its clearing 
operation. 


8-BIT 
MICRO- 
PROCESSOR 
SYSTEM 


CONTROLS 


ADDRESS 
BUS 


CLOCK 


In a Sensor Matrix mode, a bit is set in the FIFO status 
word to indicate that at least one sensor closure indica- 
tion is contained in the Sensor RAM. 


In Special Error Mode the S/E bit is showing the error 
flag and serves as an indication to whether a simultane- 
ous multiple closure error has occurred. 


FIFO STATUS WORD 
y FIFO Full 


Number of 
characters in FIFO 


—— 


Error-Underrun 

Error-Overrun 

Sensor Closure/Error Flag for 
Multiple Closures 

Display unavailable 


KEYBOARD 
MATRIX 


CONTROL 


8 COLUMNS 
RETURN 


ADDRESSES 
(DECODED) 


DISPLAY 
CHARACTERS 
DATA 


DISPLAY 


“Do not drive the keyboard decoder with the MSB of the scan lines. 


Figure 4. System Block Diagram 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under ‘‘Absolute 


-Maximum Ratings”’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Py e} ° 
UDI TERN EAE in x mg on we ts ete 70°C tion of the device at these or any other conditions above 
Storage Temperature ............. -65 C to 125 C those indicated in the operational sections of this specifi- 
Voltage on any Pin with cation is not implied. Exposure to absolute maximum 
Fespect to Ground... cere nee -0.5V to +7V rating conditions for extended periods may affect device 
Power Dissipation ...........20. 00 ee uence 1 Watt reliability. 


D.C. CHARACTERISTICS [T, = 0°C to 70°C, Vsg = Vec = +5V + 5%, Voc = +5V +10% (8279-5) | 


Seat] _roremmetor_ |__| i] te || Tom Commons 


Vint Input Low Voltage for 
Return Lines 


ViL2 Input Low Voltage for All Others 


ViH1 Input High Voltage for 
Return Lines 


Vin2 Input High Voltage for All Others /20 ff ov 


Line 


M4 


Input Current on Shift, Control! and +10 Vin = Vec 
Return Lines -100 Vin = OV 
In| Input Leakage Current on All Input Leakage Current on All Others _ itr iaToRee | | S| Vin = Vcc to OV 


CAPACITANCE 


A.C. CHARACTERISTICS [T, = 0°C to 70°C, Vsg = OV, (Note 3)] 
Bus Parameters 


READ CYCLE 


tan _| Address Stable Before READ Address Stable Before READ | Address StableBeforeREAD ss | so50 S| CS ti(‘iéidttCt Tid itssd 
Tian] Adress Hold Time for EAD) 
tan | READ Putewiam dO 
(anol [Date Dey trom READY 
| Addressto Data Valid si to Data Valid | AddresstoDataValid | 

10 

me 


READ to Data Floating 
Read Cycle Time 
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A.C. CHARACTERISTICS (Continued) 


WRITE CYCLE 


OE gE 


Address | Address Stable Before WRITE ae WRITE 


_ 
TS a a 
[ya | WRITE Pu with =? woo ts 
[tow | Data Set Uo Time or WATE | ao | |e 


a a a 
es 


Write Cycle Time 


OTHER TIMINGS 


Pe ae 


Clock Pulse Width 


Keyboard Scan TIME cc ccsiccasuwsseccsannees 5.1 msec CeO TNS sinedeaeuucdsdveres dexineasans 480 usec 
Keyboard Debounce Time ...............05. 10.3 msec BQ FUG | eyes Sea oS dene ba ae ew kad we 160 usec 
Key Scar TUNG «.cccscacesavwnsascasasevaneuc 80 usec Internal Clock Cyclelél i MAwEaN eee haseaceees 10 usec 
Display Scat TING ..0ccsseccvceesinvewes nus 10.3 msec 

NOTES: 

1. 8279, lo, = 1.6mA; 8279-5, Io, = 2.2mA. 

2. 8279, lon = —100uA; 8279-5, lon = —400,A. 

3. 8279, Voc = +5V +5%; 8279-5, Voc = +5V +10%. 

4. 8279, C, = 100pF; 8279-5, CL = 150pF. 

5. The Prescaler should be programmed to provide a 10 us internal clock cycle. 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 DEVICE 


, UNDER 
TEST POINTS TEST 
C, = 120 pF 


0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V oar 
A LOGIC "0." TIMING heals ARE MADE AT 2.0V FOR A LOGIC “ C, = 120 pF 
AND 0.8V FOR A LOGIC * C, INCLUDES JIG CAPACITANCE 
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WAVEFORMS 


READ OPERATION 


(SYSTEM'S 
ADDRESS BUS) 


(READ CONTROL) 


DATA BUS 
(OUTPUT) 


(SYSTEM'S 
ADDRESS BUS) 


(WRITE CONTROL) 


DATA BUS DATA ; DATA 
(INPUT) MAY CHANGE ( sbilideieaied ) MAY CHANGE 


CLOCK INPUT 
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WAVEFORMS (Continued) 


ENCODED 
SCAN 


DECODED 
SCAN 


DISPLAY PRESCALER PROGRAMMED FOR IN- 
TERNAL FREQUENCY = 100 kHz SO 
640 ps = 64 toy ———————_+ | tcy = 10us 


Ao—As3 BLANK BLANK | | BLANK 
ACTIVE HIGH CODE* CODE* CODE* 
*BLANK CODE IS EITHER ALL 
Bo — B3 BLANK 
ACTIVE HIGH CODE* 


0’s OR ALL 1’s OR 20 HEX 


80 


us 


60 us CONDITIONAL WRITE TO FIFO 
40 1 RLo SELECTED, LATCHED RETURN LINES ARE SAMPLED ONE AT A TIME AS SHOWN. 


NOTE: SHOWN IS ENCODED SCAN LEFT ENTRY 
S2-S3 ARE NOT SHOWN BUT THEY ARE SIMPLY S; DIVIDED BY 2 AND 4 
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8291 
GPIB TALKER/LISTENER 


mw Designed to Interface Microprocessors 
(e.g., 8080, 8085, 8086, 8048) to an 
IEEE Standard 488 Digital Interface 
Bus 

= Programmable Data Transfer Rate 


= Complete Source and Acceptor 
Handshake 

= Complete Talker and Listener 
Functions with Extended Addressing 

m Service Request, Parallel Poll, Device 
Clear, Device Trigger, Remote/Local 
Functions 

@ Selectable Interrupts 

mg On-Chip Primary and Secondary 
Address Recognition 

mg Automatic Handling of Addressing and 
Handshake Protocol 


@ Provision for Software Implementation 
of Additional Features 


PRELIMINARY 


1 —8 MHz Clock Range 

16 Registers (8 Read, 8 Write), 2 for 
Data Transfer, the Rest for Interface 
Function Control, Status, etc. 

Directly Interfaces to External Non- 
Inverting Transceivers for Connection 
to the GPIB 

Provides Three Addressing Modes, 
Allowing the Chip to be Addressed 
Either as a Major or a Minor Talker/ 
Listener with Primary or Secondary 
Addressing 

DMA Handshake Provision Allows for 
Bus Transfers without CPU Intervention 


Trigger Output Pin 


On-Chip EOS (End of Sequence) 
Message Recognition Facilitates 
Handling of Multi-Byte Transfers 


The 8291 GPIB Talker/Listener is a microprocessor-controlled chip designed to interface microprocessors (e.g., 8048, 
8080, 8085, 8086) to an IEEE Standard 488 Instrumentation Interface Bus. It implements all of the Standard’s interface 


functions except for the controller. 


GPIB DATA 


INTERFACE 
FUNCTIONS 


8 READ 
REGISTERS 


i 


= 


8 WRITE 
REGISTERS 


8291 INTERNAL BUS (DATA) 


” 
=) 
a 
< 
- 
<x 
a) 
c 
\o) 
77) 
” 
Ww 
oO 
ie} 
c 
a 
ie) 
x 
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= 


DECODER 


| MESSAGE 


Figure 1. Block Diagram 


GPIBCONTROL >| To NON-INVERTING 


T/R CONTROL 
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Figure 2. Pin Configuration 
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Table 1. Pin Description 


Pais Name and Function 
12-19} I/O | Data Bus: Data bus port, to be 


connected to microprocessor data 
RSo-RS, | 21-23 
cs 


bus. 


: Name and Function 


connected to the bus to accept 


Register Select: Register select 
inputs, to be connected to three 
non-multiplexed microprocessor 
address bus lines. Select which of 
the 8 internal read (write) regis- 
ters will be read from (written into) 
with the execution of RD (WR). 


Chip Select: When low, enables 
reading from or writing into the 
register selected by RS -RSp. 


NRFD 37 /O | Not Ready for Data: GPIB hand- 
shake control line. Indicates the 
condition of readiness of device(s) 


data. 


pe 
DAC /O | Not Data Accepted: GPIB hand- 
shake control line. Indicates the 
condition of acceptance of data by 
the device(s) connected to the bus. 


Attention: GPIB command line. 
Specifies how data on DilO lines are 
to be interpreted. 


Interface Clear: GPIB command 
line. Places the interface functions 
in a known quiescent state. 


Read Strobe: When low, selected 
register contents are read by the 
CPU. 


Write Strobe: When low, data is 
written into the selected register. 


Service Request: GPIB command 
line. Indicates the need for atten- 
tion and requests an interruption 
of the current sequence of events 
on the GPIB. 


Remote Enable: GPIB command 
line. Selects (in conjunction with 
other messages) remote or local 
control of the device. 


End or Identify: GPIB command 
line. Indicates the end of a multiple 
byte transfer sequence or, in con- 
junction with ATN, addresses the 
device during a polling sequence. 


Interrupt: Interrupt request to the 
microprocessor, set high for re- 
quest and cleared when the appro- 
priate register is accessed by the 
CPU. May be software configured 
to be active low. 


DMA Request: DMA request, 
normally low, set high to indicate 
byte output or byte input, in DMA 
mode; reset by DACK. 


DMA Acknowledge: When low, 
resets DREQ and selects data in/ 
data out register for DMA data 
transfer (actual transfer done by 
RD/WR pulse). 

Must be high if DMA is not used. 


External Transceivers: External 
transceivers control line. Set high 
to indicate output data/signals on 
the DIO,-DIOg and DAV lines and 
input signals on the NRFD and 
NDAC lines (active source hand- 
shake). Set low to indicate input 
data/signals on the DIO,-DIOg and 
DAV lines and output signals on the 
NRFD and NDAC lines (active ac- 
ceptor handshake). 


Trigger Output: Trigger output, 
normally low; generates a trigger- 
ing pulse with 1 wsec min. width in 
response to the GET bus command 
or Trigger auxiliary command. 


External Transceivers: External 
transceivers control line. Set high 
to indicate output signals on the 
EOI line. Set low to indicate ex- 
pected input signal on the EOI! line 
during parallel poll. 


Power Supply: Positive power 
supply (5V + 10%). 
Ground: Potential ground circuit. 


External Ciock: External clock in- 
put, used only for T, delay 
generator. May be any speed in 1-8 
MHz range. 


Reset Input: When high, forces 
the device into an “Idle’”’ (initializa- 
tion) mode. The device will remain 
at ‘“‘Idle’’ until released by the 
microprocessor. 


Data Port: 8-bit GPIB data port, 
used for bidirectional data byte 
transfer between 8291 and GPIB 
via non-inverting external line 
transceivers. 


Data Valid: GPIB handshake con- 
trol line. Indicates the availability 
and validity of information on the 
DIO lines. 


NOTE: 

All signals on the 8291 pins are specified with positive logic. 
However, IEEE 488 specifies negative logic on its 16 signal lines. 
Thus, the data is inverted once from Do-D7 to DIO,-DIOg and 
non-inverting bus transceivers should be used. 
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8291 SYSTEM DIAGRAM 


DMA 
CONTROLLER | 
(OPTIONAL) 


THE GENERAL PURPOSE INTERFACE 
BUS (GPIB) 


The General Purpose Interface Bus (GPIB) is defined in 
the IEEE Standard 488-1978 “Digital Interface for 
Programmable Instrumentation.” Although a knowledge 
of this standard is assumed, Figure 3 provides the bus 
structure for quick reference. Also, Tables 2 and 3 
reference the interface state mnemonics and the interface 
messages respectively. Modified state diagrams for the 
8291 are presented in Appendix A. 


GENERAL DESCRIPTION 


The 8291 is a microprocessor controlled device de- 
signed to interface microprocessors e.g., 8048, 8080, 
8085, 8086 to the GPIB. It implements all of the interface 
functions defined in the IEEE 488 Standard. If an imple- 
mentation of the Standard’s Controller function is 
desired, it can be connected with an Intel® 8292 to form 
a complete interface. 


The 8291 handles communication between a microproc- 
essor controlled device and the GPIB. Its capabilities in- 
clude data transfer, handshake protocol, talker/listener 
addressing procedures, device clearing and triggering, 
service request, and both serial and parallel polling 
schemes. In most procedures, it does not disturb the 
microprocessor unless a byte is waiting on input or a 
byte sent on output (output buffer empty). 


The 8291 architecture includes 16 registers. Eight of these 
registers may be written into by the microprocessor. The 
other eight registers may be read by the microprocessor. 
One each of these read and write registers is for direct data 
transfers. The rest of the write registers control the various 
features of the chip, while the rest of the read registers 
provide the microprocessor with a monitor of GPIB states, 
various bus conditions, and device conditions. 
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MICROPROCESSOR SYSTEM BUS 


DACK 


GENERAL PURPOSE INTERFACE BUS 
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8291 
GPIB 
INTERFACE 


NON-INVERTING 


TRANSCEIVERS 


DEVICE A 


ABLE TO 


TALK, LISTEN, 
AND DATA BUS 


CONTROL 


(e.g. calculator) 


DEVICE B 


ABLE TO 
TALK AND 
LISTEN 


(e.g. digital 
multimeter) 


DATA BYTE 
TRANSFER 
CONTROL 


DEVICE C 


ONLY ABLE 
TO LISTEN 


(e.g. signal GENERAL 


INTERFACE 
MANAGEMENT 


generator) 


DEVICE D 


ONLY ABLE 
TO TALK 


(e.g. counter) 


Figure 3. Interface Capabilities and Bus Structure 
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GPIB Addressing 


Each device connected to the GPIB must have at least one 
address whereby the controller device in charge of the bus 
can configure it to talk, listen, or send status. An 8291 
implementation of the GPIB offers the user three 
addressing modes from which the device can be initialized 
for each application. The first of these modes allows for 
the device to have two separate primary addresses. The 


8291 
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second mode allows the user to implement a single 
talker/listener with a two byte address (primary address + 
secondary address). The third mode again allows for two 
distinct addresses but in this instance, they can each have 
a two-byte address. However, this mode requires that the 
secondary addresses be passed to the microprocessor for 
verification. These three addressing schemes are des- 
cribed in more detail in the discussion of the Address 
registers. 


Table 2. 


IEEE 488 Interfa 


| Mnemonic | State Represented 


Accept Data State 

Acceptor Ready State 

Acceptor Idle State 

Acceptor Not Ready State 
Affirmative Poll Response State 
Acceptor Wait for New Cycle State 


Controller Active State 
Controller Addressed State 

Controller Active Wait State 

Controller Idle State 

Controller Parallel Poll State 

Controller Parallel Poll Wait State 
Controller Standby State 

Controller Service Not Requested State 
Controller Service Requested State 
Controller Synchronous Wait State 
Controller Transfer State 


Device Clear Active Staite 
Device Clear Idle State 
Device Trigger Active State 
Device Trigger Idle State 


Listener Active State 
Listener Addressed State 
Listener Idle State 

Local State 

Listener Primary Addressed State 
Listener Primary Idle State 

Local With Lockout State 


Negative Poll Response State 


ce State Mnemonics 


Mnemonic | State Represented 


Parallel Poll Addressed to Configure State 
Parallel Poll Active State 

Parallel Poll Idle State 

Parallel Poll Standby State 

Parallel Poll Unaddressed to Configure State 


Remote State 
Remote With Lockout State 


System Control Active State 

Source Delay State 

Source Generate State 

System Control Interface Clear Active State 
Source Idle State 

System Control Interface Clear Idle State 
System Control Interface Clear Not Active State 
Source Idle Wait State 

System Control Not Active State 

Serial Poll Active State 

Serial Poll Idle State 

Serial Poll Mode State 

System Control Remote Enable Active State 
System Control Remote Enable Idle State 
System Control Remote Enable Not Active State 
Service Request State 

Source Transfer State 

Source Wait for New Cycle State 


Talker Active State 
Talker Addressed State 
Talker Idle State 

Talker Primary Idle State 


The Controller function is implemented on the Intel® 8292. 
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IEEE 488 Interface Message Reference List 


|_ Mnemonic | Message | Interface Function(s) | 


LOCAL MESSAGES RECEIVED (By Interface Functions) 


go to standby 
individual status 
listen only 

local poll enable 
new byte available 


power on 
ready 

request parallel poll 
request system control 
request service 


return to local 

send interface clear 

send remote enable 

take control asynchronously 
take control synchronously 
talk only 


REMOTE MESSAGES RECEIVED 


C 

PP 
L,LE 
PP 
SH 


SH,AH,T,TE,L,LE,SR,RL,PP,C 
AH 

C 

C 

SR 


RL 


ATN 
DAB 
DAC 
DAV 
DCL 


END 
GET 
TL. 
IDY 
IFC 


LLO 
MLA 
MSA 
MTA 
OSA 


OTA 

PCG 
+PPC 
+ [PPD) 
T [PPE] 


*PPRN 

tPF 
REN 
RFD 
RQS 


[SDC] 
SPD 
SPE 
*SQR 
STB 


*“TCT or [TCT] 
UNL 


Attention 

Data Byte 
Data Accepted 
Data Valid 
Device Clear 


End 

Group Execute Trigger 
Go to Local 

Identify 

Interface Clear 


Local Lockout 

My Listen Address 

My Secondary Address 
My Talk Address 

Other Secondary Address 


Other Talk Address 
Primary Command Group 
Parallel Poll Configure 
Parallel Poll Disable 
Parallel Poll Enable 


Parallel Poll Response N 
Parallel Poll Unconfigure 
Remote Enable 

Ready for Data 

Request Service 


Select Device Clear 
Serial Poll Disable 
Serial Poll Enable 
Service Request 
Status Byte 


Take Control 
Unlisten 


*These messages are handled only by Intel’s 8292. 
tUndefined commands which may be passed to the microprocessor. 
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SrAM, 1, TE.,LEPr.O 
(Via L, LE) 

SH 

AH 

DC 


(via L, LE) 
DT 

RL 

Leerr 

T, FE,L,LE,C 


RL 
ee a = 
TELE, RL 

1, fELLE 
TE 


T, TE 
TE,LE,PP 
pe 
PP 
PP 


(via C) 
PP 

RL 

SH 

(via L, LE) 


DC 

T, TE 

T; TE 

(via C) 
(via L, LE) 


Cc 
L., LE 
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IEEE 488 Interface Message Reference List 


[Mnemonic | Message ——~—~—~—~=d: Interface Functiont@) 


REMOTE MESSAGES SENT 


ATN 
DAB 
DAC 
DAV 
DCL 


END 
GET 
GTL 
IDY 
IFC 


LLO 
MLA or [MLA] 
MSA or [MSA] 
MTA or [MTA] 
OSA 


OTA 
PCG 
PPC 
[PPD] 
[PPE] 


PPRN 
PPU 
REN 
RFD 
RQS 


[SDC] 
SPD 
SPE 
SRQ 


Attention 

Data Byte 
Data Accepted 
Data Valid 
Device Clear 


End 

Group Execute Trigger 
Go to Local 

Identify 

Interface Clear 


Local Lockout 

My Listen Address 

My Secondary Address 
My Talk Address 

Other Secondary Address 


Other Talk Address 
Primary Command Group 
Parallel Poll Configure 
Parallel Poll Disable 
Parallel Poll Enable 


Parallel Poll Response N 
Parallel Poll Unconfigure 
Remote Enable 

Ready for Data 

Request Service 


Selected Device Clear 
Serial Poll Disable 
Serial Poll Enable 
Service Request 
Status Byte 


Take Control 
Unlisten 


**All Controller messages must be sent via Intel’s 8292. 
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C 
(via T, TE) 


(via T, TE) 


(via C) 
(via C) 
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A bit-by-bit map of the 16 registers on the 8291 is 
presented in Table 3. A more detailed explanation of each 
of these registers and their functions follows. The access 
of these registers by the microprocessor is accomplished 
by using the CS, RD, WR, and RSo-RSz pins. 


Register CS RD WR_ RSo-RS2 
All Read Registers 0 0 1 CCC 
All Write Registers 0 1 0 CCC 
Don't Care 1 X X XXX 


READ REGISTERS 


poe | eae | ee | ie | ee fave tat fa | 


DATA IN 


er | arr | ae | ete | eo nm | se [ot | 


INTERRUPT STATUS 1 


INTERRUPT STATUS 2 


SERIAL POLL STATUS 


[on [ww [eo [eras | vas a 


ADDRESS STATUS 


CPT7;} CPT6| CPTS| CPT4|} CPT3 | CPT2 | CPT1| CPTO 


COMMAND PASS THROUGH 


[x [ove [oie] aossl aovefaosa] aooe[anva 


ADDRESS 0 


L® | ert | ais | oes] ameapaasa] anea] ani 


ADDRESS 1 


Data Registers 


jer Jove | os | oe | ova | oz | om | ovo | 


DATA-IN REGISTER (OR) 


EID ICICI ES CIEIES 


DATA-OUT REGISTER (0W) 


The data-in register is used to move data from the GPIB to 
the microprocessor or to memory when the 8291 is 
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WRITE REGISTERS 
CODE 


RSO 


| p07 | pos | nos | nos | pas | pez | bor | po | 


DATA OUT 


eer | men | ae | a | se | et | | oe 


INTERRUPT ENABLE 1 


fe [o[naofoua sas] cae] new] a5 


INTERRUPT ENABLE 2 


SERIAL POLL MODE 


pro [vo fo jo [ojo | acu] aon 


ADDRESS MODE 


CNT2| CNT1| CNTO| COM4| COM3} COM2| COM1} COMO 


AUX MODE 


pose ee | State | ee | and hoe at | 


ADDRESS 0/1 


[eer [oes [oes [owe [oes [oer [ew [eco 


EC3 
EOS 


addressed to listen. Incoming information is separately 
latched by this register, and its contents are not destroyed 
by a write to the data-out register. The RFD (Ready for 
Data) message is held false until the byte is removed from 
the data in register, either by the microprocessor or by 
DMA. The 8291 then completes the handshake automati- 
cally. In RFD/DAV holdoff mode (see Auxiliary Register 
A), the handshake is not finished until a command is sent 
telling the 8291 to release the holdoff. In this way, the same 
byte may be read several times, or an over anxious talker 
may be held off until all available data has been processed. 
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When the 8291 is addressed to talk, it uses the data-out 
register to move data onto the GPIB. Upon a write to this 
register, the 8291 initiates and completes the handshake 
while sending the byte out over the bus. When the 


Interrupt Registers 


eee | nee ae ee | ear | 


INTERRUPT STATUS 1 (1R) 


[or [seas] «x0 [nw [ easc[ivo [nen] oe 


INTERRUPT STATUS 2 (2R) 


The 8291 can be configured to generate an interrupt to the 
microprocessor upon the occurrence of any of 12 
conditions or events on the GPIB. Upon receipt of an 
interrupt, the microprocessor must read the Interrupt 
Status registers to determine which event has occurred, 
and then execute the appropriate service routine (if 
necessary). Each of the 12 interrupt status bits has a 
matching enable bit in the interrupt enable registers. 
These enable bits are used to select the events that will 
cause the INT pin to be asserted. Writing a logic “1” into 
any of these bits enables the corresponding interrupt 
status bits to generate an interrupt. Bits in the Interrupt 


Table 5. 


Indicates Undefined Commands 
Set by (TPAS + LPAS)*eSCGeACDSeMODE 3 


Set by DTAS 

Set by (EOS + EOl)eLACS 
Set by DCAS 

Set by TACSenbaeDACeRFD 


TACSe(SWNS + SGNS) 
Set by LACSeACDS 


Shows status of the INT pin 
The device has been enabled for a serial poll 


The device is in local lock out state. 
(LWLS+RWLS) 


The device is in a remote state. 
(REMS+RWLS) 


SPAS SPAS 
LLO._-NO LLO 
Remote | Local 
Addressed Unaddressed 


tSee section on 8291A compatibility. 
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RFD/DAV holdoff mode is in effect, data is held until the 
release command is issued. Also, a read of the data-in 
register does not destroy the information in the data-out 
register. 


tre [ae amr, aris | ae | SR | 0 at 


INTERRUPT ENABLE 1 (1W) 


Re Le ee 


INTERRUPT ENABLE 2 (2W) 


Status registers are set regardless of the states of the 
enable bits. The Interrupt Status registers are then 
cleared upon being read or when a local pon (power-on) 
message is executed. If an event occurs while one of the 
Interrupt Status registers is being read, the event is 
typically held until after its register is cleared and then 
placed in the register. 


The mnemonics for each of the bits in these registers anda 
brief description of their respective functions appears in 
Table 5. This table also indicates how each of the interrupt 
bits is set. 


Interrupt Bits 


An undefined command has been received. 


A secondary address must be passed through 
to the microprocessor for recognition. 


A group execute trigger has occurred. 
An EOS or EOI message has been received. 
Device Clear Active State has occurred. 


Interface error has occurred; no listeners 
are active. 


A byte should be output.t 
A byte has been input. 


These are status only. They will not generate 
interrupts, nor do they have corresponding 
mask bits. 


SPASC | Serial Poll Active State change interrupt.! 


LLOC | Local lock out change interrupt. 


REMC | Remote/Local change interrupt. 
ADSC | Address status change interrupt.* 


*In ton (talk-only) and lon (listen-only) modes, no ADSC interrupt is generated. 
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The BO and BI interrupts enable the user to perform data 
transfer cycles. BO indicates that a byte has been sent to 
the GPIB or the 8291 has been addressed to talk. A new 
data byte may be written into the Data Out register. It is set 
by the occurrence of TACS e (SWNS+SGNS). Hence, itis 
reset when a data byte is written into the Data Out register, 
when ATN is asserted on the GPIB, or when the device 
stops being addressed to talk. Similarly, Bl is set when an 
input byte is accepted into the 8291 and reset when the 
microprocessor reads the Data In register. BO and BI are 
also reset by pon (power-on local message) and by aread 
of the Interrupt Status 1 register. However, if it is so 
desired, data transfer cycles may be performed without 
reading the Interrupt Status 1 register if all interrupts 
except for BO or BI are: enabled; BO and BI will 
automatically reset after each byte is transferred. 


If the 8291 is used without DMA, the BO and BI interrupts 
may be enabled through the DREQ pin. The DMAO and 
DMAI bits in the Interrupt Enable 2 register would be the 
corresponding enable bits for this feature. Thus, imple- 
menting this feature, with BO and BI enabled from the 
INT pin, allows for servicing of these interrupts without 
reading the Interrupt Status registers. 


The ERR bit is set to indicate the bus error condition where 
the 8291 is an active talker, tries sending a byte to the 
GPIB, but there are no active listeners (e.g., all devices on 
the GPIB are in AIDS). The logical equivalent of (nba e 
TACS e¢ DAC e RFD) will set this bit. 


The DEC bit is set whenever DCAS has occurred. The user 
must define a known state to which all device functions 
will return in DCAS. Typically this state will be a power-on 
state. However, the state of the device functions at DCAS 
is at the designer's discretion. It should be noted that 
DCAS has no effect on the interface functions which are 
returned to a known state by the IFC (interface clear) 
message or the pon local message. 


The END Interrupt bit may be used by the microprocessor 
to detect that a multi-byte transfer has been completed. 
The bit will be set when the 8291 is an active listener 
(LACS) and either EOS or EOI is received. EOS will 
generate an interrupt when the byte in the Data In regis- 
ter matches the byte in the EOS register. Otherwise the 
interrupt will be generated when a true input is detected at 
the EOI! pin of the 8291. 


The GET interrupt bit is used by the microprocessor to 
detect that DTAS has occurred. It is set by the 8291 when 
the GET message is received while it is addressed to lis- 
ten. The TRIG output pin of the 8291 is also asserted 
when the GET message is received. Thus, the basic 
operation of the device may be started without involving 
the microprocessor. 


The APT interrupt bit indicates to the processor that a 
secondary address is available in the CPT register for 
validation. This interrupt will only occur if Mode 3 
addressing is in effect. (Refer to the section on 
addressing.) In Mode 2, secondary addresses will be 
recognized on the 8291. They will be ignored in Mode 1. 
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The CPT interrupt bit flags the occurrence of an unde- 
fined command and of all secondary commands follow- 
ing an undefined command. The Command pass 
through feature is enabled by the BO bit of Auxiliary 
register B. 


UDC =[UCG + ACG(TADSe PPC 
+ LADSeTCT)]eundefinedeBO 

where: 
ACG — Addressed Command Group 
UCG — Universal Command Group 
SCG — Secondary Command Group 


Any message not decoded by the 8291 (not included in the 
state diagrams in Appendix B) becomes an undefined 
command. Note from the logic equation that any 
addressed command is automatically ignored when the 
8291 is not addressed. 


Undefined commands are read by the CPU from the 
Command Pass Through Register of the 8291. Until this 
register is read, the 8291 will hold off the handshake (only 
if the CPT feature is enabled). 


An especially useful feature of the 8291 is its ability to 
generate interrupts from state transitions in the interface 
functions. In particular, the lower 4 bits of the Interrupt 
Status 2 register, if enabled by the corresponding enable 
bits, will cause an interrupt upon changes in the follow- 
ing states as defined in IEEE 488: 


BitO ADSC change in LIDS or TIDS or MJMN 
Bit1 RLC change in LOCS or REMS 

Bit2 LLOC change in LWLS or RWLS 

Bit3 SPASC change in SPAS 


The upper 4 bits of the Interrupt Status 2 register are 
available to the processor as status bits. Thus, if one of the 
bits 1-3 generates an interrupt indicating a state change 
has taken place, the corresponding status bit (bits 5-7) 
may be read to determine what the new state is. To 
determine the nature of a change in addressed status (bit 
0) the Address Status Register is available to be read. And 
finally, bit 7 monitors the state of the 8291 INT pin. 
Logically, it is an OR of all enabled interrupt status bits. 
One should note that bits 4-7 of the Interrupt Status 2 
Register do not generate interrupts, but are available 
only to be read as status bits by the processor. 


Bits 4 and 5 (DMAI, DMAO) of the Interrupt Enable 2 
Register are available to enabie direct data transfers 
between memory and the GPIB, DMAI (DMA in) enables 
the DREQ (DMA request) pin of the 8291 to be asserted 
upon the occurrence of BI. Similarly, DMAO (DMA out) 
enables the DREQ pin to be asserted upon the occurrence 
of BO. One might note that the DREQ pin may be used as 
a second interrupt output pin, monitoring BI and/or BO 
and enabled by DMAI and DMAO. One should note that 
the DREQ pin is not affected by a read of the Interrupt 
Status 1 Register. It is reset whenever a byte is written to 
the Data Out Register or read from the Data !n Register. 


To ensure that an interrupt status bit will not be cleared 
without being read, and will not remain uncleared after 
being read, the 8291 implements a special interrupt 
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handling procedures. When an enabled interrupt bit is 
set in either of the Interrupt Status Registers, the input 
of the registers are blocked until the set bit is read and 
reset by the microprocessor. Thus, potential problems 
arise when interrupt status changes while the register is 
being blocked. However, the 8291 stores all new inter- 
rupts in a temporary register and transfers them to the 
appropriate interrupt Status Register after the interrupt 


has been reset. In the Interrupt Status 1 Register and in 
ADSC bit, this transfer takes place only if the correspon- 
ding bits were read as zeroes. For the other status 
change bits in the Interrupt Status 2 Register, the 
transfer will always take place. However, even number 
of changes in these status bits during blocking time will 
Cause no interrupt. 


Serial Poll Registers 


SERIAL POLL STATUS (3R) 


The Serial Poll Mode Register is used to establish the 
status byte that the 8291 sends out on the GPIB data lines 
when it receives the SPE (Serial Poll Enable) message. Bit 
6 of this register is reserved for the rsv (request service) 
local message. Setting this bit to 1 causes the 8291 to 
assert its SRQ line, indicating its need for attention from 
the controller-in-charge of the GPIB. When service has 
been granted, the bit should be cleared by the 
microprocessor. The other bits of this register are 
available for sending status information over the GPIB. 
Sometime after the microprocessor initiates a request for 
service by setting bit 6, the controller of the GPIB 
sends the SPE message and then addresses the 8291 to 


Address Registers 


for [ow [eo [ors [0 = 


ADDRESS STATUS (4R) 


[x [ore [oto [aoso] aove[noso] aona[aore. 


ADDRESS 0 (6R) 


[oft [ent | Aimee eA iar anny 


ADDRESS 1 (7R) 


The Address Mode Register is used to select one of the five 
modes of addressing available on the 8291. It determines 
the way in which the 8291 uses the information in the 
Address 0 and Address 1 registers: 


—In Mode 1, the contents of the Address 0 Register 
constitute the “Major” talker/listener address while the 
Address 1 Register represents the “Minor” talker/listener 
address. In applications where only one address is 
needed, the major talker/listener is used, and the minor 
talker/listener should be disabled. Loading an addres via 
the Address 0/1 Register into Address Registers 0 and 1 
enables the major and minor talker/listener functions 
respectively. 


—In Mode 2 the 8291 recognizes two sequential address 
bytes: a primary followed by a secondary. Both address 
bytes must be received in order to enable the device to talk 
or listen. In this manner, Mode 2 addressing implements 
the extended talker and listener functions as defined in 
IEEE 488. 
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SERIAL POLL MODE (3W) 


talk. At this point, one byte of status is returned by the 8291 
via the Serial Poll Mode Register. 


The Serial Poll Status Register is available for reading the 
status byte in the Serial Poll Mode Register. The processor 
may check the status of a request for service by polling bit 
6 of this register, which corresponds to SRQS (Service 
Request State). When a Serial Poll is conducted and the 
controller-in-charge reads the status byte, the SRQS bit is 
cleared. The SRQ line is tied to this bit, so that a request for 
service is terminated when the 8291's status byte is read. 
The rsv bit of the Serial Poll Mode Register must then be 
cleared by the microprocessor. 


cee ee 


ADDRESS MODE (4W) 


jars |or | ou | aos] ape] ans] pz] ant 


ADDRESS 0/1 (6W) 


To use Mode 2 addressing the primary address must be 
loaded into the Address 0 Register, and the Secondary 
address is placed in the Address 1 Register. With both 
primary and secondary addresses residing on chip, the 
8291 can handle all addressing sequences without 
processor intervention. 


—In Mode 3, the 8291 handles addressing just as it does in 
Mode 1, except that each Major or Minor primary address 
must be followed by a secondary address. All secondary 
addresses must be verified by the microprocessor when 
Mode 3 is used. When the 8291 is in TPAS or LPAS 
(talker/listener primary addresses state), and it does not 
recognize the byte on the DIO lines, an APT interrupt is 
generated (see section on Interrupt Registers) and the 
byte is available in the CPT (Command Pass-Through) 
Register. As part of its interrupt service routine, the 
microprocessor must read the CPT Register and write one 
of the following responses to the Auxiliary Mode Register: 


1. 07H implies a non-valid secondary address 
2. OFH implies a valid secondary address 
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Setting the “ton” bit generates the local ton (talk-only) 
message and sets the 8291 to a talk-only mode. This mode 


allows the device to operate as a talker in an interface 
system without a controller. 


Setting the “lon” bit generates the local lon (listen-only) 
message and sets the 8291 to a listen-only mode. This 
mode allows the device to operate as a listener in an 
interface system without a controller. 


The mode of addressing implemented by the 8291 may be 
selected by writing one of the following bytes to the 
Address Mode Register: 


Register Contents Mode 


10000000 Enable talk only mode (ton) 
01000000 Enable listen only mode (lon) 
11000000 The 8291 may talk to itself 
00000001 Mode 1, (Primary-Primary) 
00000010 Mode 2 (Primary-Secondary) 
00000011 Mode 3 (Primary/APT-Primary/APT ) 


The Address Status Register contains information used by 
the microprocessor to handle its own addressing. This 
information includes status bits that monitor the address 
state of each talker/listener, “ton” and lon” flags which 
indicate the talk only and listen only states, and an EOI bit 
which, when set, signifies that the END message came 
with the last data byte. LPAS and TPAS indicate that the 
listener or talker primary address has been received. The 
microprocessor can then use these bits when the 
secondary address is passed through to determine 
whether the 8291 is addressed to talk or listen. The LA 
(listener addressed) bit will be set when the 8291 is in 
LACS (Listener Active State) or in LADS (Listener 
Addressed State). Similarly, the TA (Talker Addressed bit 
will be set to indicate TACS or TADS, but also to indicate 
SPAS (Serial Poll Active State). The MJMN bit is used to 
determine whether the information in the other bits 
applies to the Major or Minor talker/listener. It is set to “1” 
when the Minor talker/listener is addressed. It should be 
noted that only one talker/listener may be active at any 
one time. Thus, the MJMN bit will indicate which, if either, 
of the talker/listeners is addressed or active. 


The Address 0/1 Register is used for specifying the 
device’s addresses according to the format selected in 
the Address Mode Register. Five bit addresses may be 
loaded into the Address 0 and Address 1 registers by 
writing into the Address 0/1 Register. The ARS bit is used 
to select which of these registers the other seven bits will 
be loaded into. The DT and DL bits may be used to disable 
the talker or listener function at the address signified by 
the other five bits. When Mode 1 addressing is used and 
only one primary address is desired, both the talker and 
the listener should be disabled at the Minor address. 


As an example of how the Address 0/1 Register might be 
used, consider an example where two primary addresses 
are needed in the device. The Major primary address will 
be selectable only as a talker and the Minor primary 
address will be selectable only as a listener. This 
configuration of the 8291 is formed by the following 
sequence of writes by the microprocessor: 
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RS2-RS0 
100 
110 


Operation Cs| RD 


1 
1 


00000001 
001AAAAA 


1. Select addressing Mode 1 


2. Load major address into 
Address 0 Register with 
listener function disabled. 


3. Load minor address into 110BBBBB 110 
Address 1 Register with 


talker function disabled. 


At this point, the addresses AAAAA and BBBBB are stored 
in the Address 0 and Address 1 registers respectively, and 
are available to be read by the microprocessor. Thus, it is 
not necessary to store any address information elsewhere. 
Also, with the information stored in the Address 0 and 
Address 1 registers, processor intervention is not required 
to recognize addressing by the controller. Only in Mode3, 
where secondary addresses are passed through, must the 
processor intervene in the addressing sequence. 


Command Pass Through Register 


CPT7 | CPT6 | CPTS | CPT4 | CPT3 | CPT2 | CPT1 | CPTO 


COMMAND PASS THROUGH (5R) 


The Command Pass Through Register is used to transfer 
undefined 8-bit remote message codes from the GPIB to 
the microprocessor. When the CPT feature is enabled 
(bit BO in Auxiliary Register B), any message not de- 
coded by the 8291 becomes an undefined command. 
When Mode 3 addressing is used secondary addresses 
are also passed through the CPT Register. In either 
case, the 8291 will holdoff the handshake until the 
microprocessor reads this register and issues the 
VSCMD auxiliary command. 


The CPT and APT interrupts flag the availability of 
undefined commands and secondary addresses in the 
CPT Register. The details of these interrupts are explained 
in the section on Interrupt Registers. 


An added feature of the 8291 is its ability to handle 
undefined secondary commands following undefined 
primaries. Thus, the number of available commands for 
future IEEE 488 definition is increased; one undefined 
primary command followed by a sequence of as many as 
32 secondary commands can be processed. The lEEE-488 
Standard does not permit users to define their own 
commands, but upgrades of the standard are thus 
provided for. 


The recommended use of the 8291’s undefined command 
capabilities is for a controller-configured Parallel Poll. 
The PPC message is an undefined primary command 
typically followed by PPE, an undefined secondary 
command. For details on this procedure, refer to the 
section on Parallel Poll Protocol. 
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Auxiliary Mode Register 


CNT1 | CNTO | COM4 | COM3 |} COM2 | com | COMO 


AUX MODE (5W) 


CNTO—2:CONTROL BITS 
COM0—4:COMMAND BITS 


The Auxiliary Mode Register contains a three-bit control 
field and a five-bit command field. It is used for several 
purposes on the 8291: 


1. To load “hidden” auxiliary registers on the 8291. 
2. To issue commands from the microprocessor to the 


8291. 


3. To preset an internal counter used to generate T1, 
delay in the Source Handshake function, as defined in 
IEEE 488. 


Table 5 summarizes how these tasks are performed with 
the Auxiliary Mode Register. Note that the three control 
bits determine how the five command bits are interpreted. 


CONTROL | COMMAND | 
BITS BITS 


Table 6 


COMMAND 


Execute auxiliary command 
CCCC 

Preset internal counter to 
match external clock 
frequency of FFFF MHz 
(FFFF - binary representation 
of 1 to 8 MHz) 

Write DDDDD into auxiliary 
register A 

Write DDDD into auxiliary 
register B 

Enable/disable parallel poll 
either in response to remote 
messages (PPC followed by 
PPE or PPD) or as a local 

Ipe message. (Enable if U=0, 
disable if U= 1.) 


DDDDD 


ODDDD 


USP3PaP1 


AUXILIARY COMMANDS 


Auxiliary commands are executed by the 8291 whenever 
OO00CCCC is written into the Auxiliary Mode Register, 
where CCCC is the 4-bit command code. 


Description 


Immediate Execute pon — This command re- 
sets the 8291 to a power up state (local pon 
message as defined in IEEE 488). 


The following conditions constitute the power 
up state: 

1. All talkers and listeners are disabled. 

2. No interrupt status bits are set. 
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Description 


The 8291 is designed to power up in certain 
states as specified in the IEEE 488 state dia- 
grams. Thus, the following states are in effect 
in the power up state: SIDS, AIDS, TIDS, LIDS, 
NPRS, LOCS, and PPIS. 


The “0000” pon is an immediate execute 
command (a pon pulse). It is also used to 
release the “initialize” state generated by 
either an external reset pulse or the “0010” 
Chip Reset command. 


Chip Reset (Initialize) — This command has 
the same effect as a pulse applied to the Reset 
pin. (Refer to the section on Reset Procedure. ) 


Finish Handshake — This command finishes a 
handshake that was stopped because of a 
holdoff on RFD or DAV. (Refer to Auxiliary 
Register A.) 


Trigger — A “Group Execute Trigger” is 
forced by this command. It has the same effect 
as a GET command issued by the controller- 
in-charge of the GPIB, but does not cause a 
GET interrupt. 


rti'— This command corresponds to the local 
rtl message as defined in IEEE 488. The 8291 
will go to a local state if local lockout is not in 
effect. 


Send EO! — The EOI line of the 8291 may be 
asserted with this command. The command 
causes EOI to go true with the next byte trans- 
mitted. The EOI line is then cleared upon com- 
pletion of the handshake for that byte. 


Non-Valid/Valid Secondary Address or 
Command (VSCMD) — This command in- 
forms the 8291 that the secondary address re- 
ceived by the microprocessor was valid or 
invalid (0111 — invalid, 1111 — valid). If Mode3 
addressing is used, the processor must field 
each extended address and respond to it, or 
the GPIB will hang up. Note that the COM bit 
is the invalid/valid flag. 


The valid (1111) command is also used to tell 
the 8291 to continue from the command-pass- 
through state (immediate execute command). 


Parallel Poll Flag (local “ist” message) — This 
command sets (1001) or clears (0001) the 
parallel poll flag. A “1” is sent over the 
assigned data line (PPR-Parallel Poll Re- 
sponse true) only if the parallel poll flag 
matches the sense bit from the Ipe local 
message (or indirectly from the PPE mess- 
age). For a more complete description of the 
Parallel Poll features and procedures refer to 
the section on Parallel Poll Protocol. 


tSee section on 8291A compatibility. 
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The internal counter determines the delay time allowed 
for the settling of data on the DIO lines. This delay time 
is defined as T; in IEEE 488 and appears in the Source 
Handshake state diagram between SDYS and STRS. As 
such, DAV is asserted T, after the DIO lines are driven. 
Consequently, T; is a major factor in determining the 
data transfer rate of the 8291 over the GPIB 
(T1 = TWRDV2-TWRD'15). 


When open-collector transceivers are used for connection 
to the GPIB, T1 is defined by IEEE 488 to be 2usec. By 
writing OO10FFFF into the Auxiliary Mode Register, the 
counter is preset to match a fc MHz clock input, where 
FFFF is the binary representation of Nr (1SNFS8, 
Ne=(FFFF)2). When Ne = fc, a 2usec Ti delay will be 
generated before each DAV asserted. 


2Ne 
Ti (usec) = ad tsync » 1SNp<8 
tsync iS a synchronization error, greater than zero and 
smaller than the larger of T clock high and T clock low. 
(For a 50% duty cycle clock, tsync is less than half the 
clock cycle). 


If it is necessary that T1 be different from 2usec, NF may 
be set to a value other than fc. In this manner, data transfer 
rates may be programmed for a given system. In small 
systems, for example, where transfer rates exceeding 
GPIB specifications are required, one may set Nr < fc and 
decrease T1. 


When tri-state transceivers are used, IEEE 488 allows a 
higher transfer rate (lower T1). Use of the 8291 with such 
transceivers is enabled by setting B2 in Auxiliary Register 
B.In this case, setting Nr = fc causes a T1 delay of 2usec to 
be generated for the first byte transmitted — _ ll 
subsequent bytes will have a delay of 500 nsec. 


T1(High Speed) usec = a + tSYNC 


Thus, setting Nr = 1 using a8 MHz clock will generate fora 
50% duty cycle clock (tsyNc<63 nsec): 


T4(HS) = ay 0.063 = 125 nsec max. 


AUXILIARY REGISTER A 


Auxiliary Register A is a “hidden” 5-bit register which is 
used to enable some of the 8291 features. Whenever a 
100 A4A3A2A1Ao byte is written into the Auxiliary Register, 
it is loaded with the data A4A3A2A1Ao. Setting the 
respective bits to “1” enables the following features: 


Ao — RFD/DAV Holdoff on all Data: If the 8291 is listening, 
RFD will not be sent true until the “finish handshake” 
auxiliary command is issued by the microprocessor. If the 
8291 is talking, DAV is not sent true until the “finish 
handshake” command is given. In both cases, the holdoff 
will be in effect for each data byte. 


Ai — RFD/DAV Holdoff on End: This feature enables the 
holdoff on EOI or EOS (if enabled). However, no holdoff 
will be in effect on any other data bytes. 
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A2 — End on EOS Received: Whenever the byte in the Data 
In Register matches the byte in the EOS Register, the End 
interrupt bit will be set in the Interrupt Status 1 Register. 


A3 — Output EOI on EOS Sent: Any occurrence of data in 
the Data Out Register matching the EOS Register causes 
the EOI line to be sent true along with the data. 


A4 — EOS Binary Compare: Setting this bit causes the 
EOS Register to function as a full 8-bit word. When itis not 
set, the EOS Register is a 7-bit word (for ASCII 
characters). 


If Ao = A1 =1, aspecial “continuous Acceptor Handshake 
cycling” mode is enabled. This mode should be used only 
in a controller system configuration, where both the 8291 
and the 8292 are used. It provides a continuous cycling 
through the Acceptor Handshake state diagram, requiring 
no local messages from the microprocessor; the rdy local 
message is automatically generated when in ANRS. As 
such, the 8291 Acceptor Handshake serves as the 
controller Acceptor Handshake. Thus, the controller 
cycles through the Acceptor Handshake without delaying 
the data transfer in progress. When the tcs local message 
is executed, the 8291 is taken out of the “continuous AH 
cycling” mode, the GPIB hangs up in ANRS, and a Bl 
interrupt is generated to indicate that control may be 
taken. A simpler procedure may be used when a “tcs on 
end of block” is executed; the 8291 may stay in 
“continuous AH cycling”. Upon the end of a block (EOI or 
EOS received), a holdoff is generated, the GPIB hangs up 
in ANRS, and control may be taken. 


AUXILIARY REGISTER B 


Auxiliary Register B is a “hidden” 4-bit register which is 
used to enable some of the features of the 8291. Whenever 
a 1010B3B2Bi1Bo is written into the Auxiliary Mode 
Register, it is loaded with the data B3B2B1Bo. Setting the 
respective bits to “1” enables the following features: 


Bo — Enable Undefined Command Pass Through: This 
feature allows any commands not recognized by the 8291 
to be handled in software. If enabled, this feature will 
cause the 8291 to holdoff the handshake when an 
undefined command is received. The microprocessor 
must then read the command from the Command Pass 
Through Register and send the VSCMD auxiliary 
command. Until the VSCMD command is sent, the 
handshake holdoff will be in effect. 


Bi — Send EOI in SPAS: This bit enables EOI to be sent 
with the status byte; EOI is sent true in Serial Poll Active 
State. Otherwise, EOI! is sent false in SPAS. 


B2 — Enable High Speed Data Transfer: This feature may 
be enabled when tri-state external transceivers are used. 
The data transfer rate is limited by T1 (delay time 
generated in the Source Handshake function), which is 
defined according to the type of transceivers used. When 
the “High Speed” feature is enabled, T1 = 2 microseconds 
is generated for the first byte transmitted after each true to 
false transition of ATN. For all subsequent bytes, T; = 500 
nanoseconds. Refer to the Internal Counter section for an 
explanation of T1 duration as a function of B2 and of clock 
frequency. 
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B3 — Enable Active Low Interrupt: Setting this bit causes 
the polarity of the INT pin to be reversed, providing an 


output signal compatible with Intel’s MCS-48™. Interrupt 
registers are not affected by this bit. 


PARALLEL POLL PROTOCOL 


Writing a 011USP3PP, into the Auxiliary Mode Register 
will enable (U = 0) or disable (U = 1) the 8291 for a parallel 
poll. When U=0, this command is the “Ipe” (local poll 
enable) local message as defined in IEEE 488. The “S”’ bit 
is the sense in which the 8291 is enabled; only if the 
Parallel Poll Flag (“ist” local message) matches this bit 
will the Parallel Poll Response, PPRy, be sent true 
(Response= S@ ist). The bits P3P2P; specify which of 
the eight data lines PPRy will be sent over. Thus, once 
the 8291 has been configured for Parallel Poll, whenever 
it senses both EOI and ATN true, it will automatically 
compare its PP flag with the sense bit and send PPRy 
true or false according to the comparison. 


If a PP2* implementation is desired, the “Ipe” and “ist” 
local messages are all that are needed. Typically, the user 
will configure the 8291 for Parallel Poll immediately after 
initialization. During normal operation the micro- 
processor will set or clear the Parallel Poll Flag (ist) 
according to the device’s need for service. Consequently 
the 8291 will be set up to give the proper response to IDY 
(EOI ¢ ATN) without directly involving the micropro- 
cessor. 


lf a PP1* implementation is desired, the undefined 
command features of the 8291 must be used. In PP1, the 
8291 is indirectly configured for Parallel Poll by the active 
controller on the GPIB. The sequence at the 8291 being 
enabled or disabled remotely is as follows: 


1. The PPC message is received and is loaded into the 
Command Pass Through Register as an undefined 
command. A CPT interrupt is sent to the microproc- 
essor, the handshake is automatically held off. 


2. The microprocessor reads the CPT Register and sends 
VSCMD to the 8291, releasing the handshake. 


3. Having received an undefined primary command, the 
8291 is set up to receive an undefined secondary com- 
mand (the PPE or PPD message). This message is also 
received into the CPT Register, the handshake is held 
off, and the CPT interrupt is generated. 


~S 


. The microprocessor reads the PPE or PPD message 
and writes the command into the Auxiliary Mode 
Register (bit 7 should be cleared first). Finally, the 
microprocessor sends VSCMD and the handshake is 
released. 


*As defined in IEEE Standard 488. 
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End of Sequence (EOS) Register 


co [es [ole [ola [mle 


EOS REGISTER 


The EOS Register and its features offer an alternative to 
the “Send EOI!” auxiliary command. A seven or eight bit 
byte (ASCII or binary) may be placed in the register to flag 
the end of a block or read. The type of EOS byte to be used 
is selected in Auxiliary Register bit Aq. 


If the 8291 is a listener, and the “End on EOS Received” is 
enabled at bit A2, then an End interrupt is generated in the 
Interrupt Status 1 Register whenever the byte in the Data- 
In Register matches the byte in the EOS Register. 


If the 8291 is a talker, and the “Output EOI on EOS Sent” is 
enabled at bit A3, then the EOI line is sent true with the 
next data byte whenever the contents of the Data Out 
Register match the EOS register. 


Reset Procedure 


The 8291 is reset to an initialization state either by a 
pulse applied to its Reset pin, or by a reset auxiliary 
command (02H written into the Auxiliary Command 
Register). The following conditions are caused by a 
reset pulse (or local reset command): 


1. A“pon’” local message as defined by IEEE 488 is held 
true until the initialization state is released. 

2. The Interrupt Status Registers are cleared (not 
Interrupt Enable Registers). 

. Auxiliary Registers A and B are cleared. 

. The Serial Poll Mode Register is cleared. 

. The Parallel Poll Flag is cleared. 

. The EOI bit in the Address Status Register is cleared. 

. Ng in the Internal Counter is set to 8 MHz. This set- 
ting causes the longest possible t, delay to be 
generated in the Source Handshake (16 usec for 1 
MHz clock). 

8. The rdy local message is sent. 


NOOO HL CO 


The initialization state is released by an “immediate ex- 
ecute pon” command (00H written into the Auxiliary 
Command Register). 


The suggested initialization sequence is: 


1. Apply a reset pulse or send the reset auxiliary 
command. 

2. Set the desired initial conditions by writing into the In- 
terrupt Enable, Serial Poll Mode, Address Mode, 
Address 0/1, and EOS Registers. Auxiliary Registers A 
and B, and the internal counter should also be 
initialized. 

3. Send the “immediate execute pon” auxiliary command 
to release the initialization state. 

4. If a PP2 Parallel Poll implementation is to be used the 
‘“Ipe” local message may be sent, enabling the 8291 
for a Parallel Poll Response on an assigned line. (Refer 
to the section on Parallel Poll Protocol.) 
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Using DMA 


The 8291 may be connected to the Intel® 8237 or 8257 
DMA Controllers for DMA operation. The DREQ pin of 
the 8291 requests a DMA byte transfer from the 8237. It 
is set by BO or BI flip flops, enabled by the DMAO and 
DMAI bits in the Interrupt Enable 2 Register. (After read- 
ing, the INT1 register BO and BI interrupts will be 
cleared but not BO and BI in DREQ equation.) 


The DACK pin is driven by the 8237 in response to the 
DMA request. When DACK is true (active low) it sets CS = 
RSO=RS1=RS2=0 such that the RD and WR signals 
sent by the 8237 refer to the Data In and Data Out Regis- 
ters. Also, the DMA request line is reset by DACK. 


DMA input sequence: 


. A data byte is accepted from the GPIB by the 8291. 

. A Bl interrupt is generated and DREQ is set. 

. DACK is asserted by the 8237 and DREQ is reset. 

. RD is driven by the 8237 and the contents of the Data 
In Register are transferred to MCS™ bus. 

5. The 8291 sends RFD true on the GPIB and proceeds 

with the Acceptor Handshake protocol. 


&Ww NM — 


DMA output sequence: 


1. A BO interrupt is generated (indicating that the Data 
Out Register is empty) and DREQ is asserted. 

2. DACK is asserted by the 8237 and DREQ is reset. 

3. WR is driven by the 8237 and a byte is transferred from 
the MCS bus into the Data Out Register. 

4.The 8291 sends DAV true on the GPIB and proceeds with 
the Source Handshake protocol. 


It should be noted that each time the device is addressed, 
the Address Status Register should be read, and the 8237 
should be initialized accordingly. (Refer to the 8237 or 
8257 Data Sheets.) 


System Configuration 
Microprocessor Bus Connection 


The 8291 is 8080, 8048, 8085, 8088, and 8086 compatible. 
The three address pins (RSo, RS1, RS2) should be 
connected to the non-multiplexed address bus (for 
example: Ag, Ag, A1o). In case of 8080, any address lines 
may be used. 


External Transceivers Connection 


The 8293 GPIB Transceiver interfaces the 8291 directly to 
the IEEE-488 bus. The 8291 and two 8293’s can be con- 
figured as a talker/listener (see Figure 2) or as with the 
8292 as a talker/listener/controller (see Figure 3). Ab- 
solutely no active or passive external components are re- 
quired to comply with the complete IEEE-488 electrical 
specification. 
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8291 to 8291A Software Compatibility 


Intel will be improving the 8291 by manufacturing an 
8291A. To maintain software compatibility between the 
8291 and the 8291A, the following precautions should 
be taken in the 8291 software: 


1. BO interrupt indicates that the 8291 is ready to talk 
and needs a byte to output via the source handshake. 
The software should ensure that BO is true before 
writing a byte to the Data Out Register (even for the 
first byte after being addressed to talk). 


2. SPASC interrupt should not be used during a Serial 
Poll sequence to determine when the Status Byte has 
been issued after a Service Request. 


Before setting rsv, SPAS in register 2 should be zero. 
After setting rsv, the processor should poll the SRQS 
bit in register 3, and when it is clear the Status Byte 
has been issued. The processor should then write an 
rsv local message clearing rsv. 


The definition of the SPASC interrupt will change in 
the 8291A. SPASC (Serial Poll Active State Change) in 
the 8291 is set by a transition into or out of SPAS. 
SPASC (Serial Poll Active State Complete) in the 
8291A will be set only by the actual transfer of a 
Status Byte (APRSxSTRSxSPAS). 


3. The 8291 rtl local message is set by the rtl Auxiliary 
Command and is cleared automatically by the 8291. 
The 8291A will have a Set rtl Auxiliary Command 
(1101) and a Clear rtl Auxiliary Command (0101). Thus, 
the 8291 programmer should write a Set rtl Auxiliary 
Command followed by a Clear rtl Auxiliary Command 
which will have the effect of writing two consecutive 
rt|l commands. 


4. User’s software can distinguish between the 8291 
and the 8291A as follows: 


a) pon (OOH to register 5) 
b) RESET (02H to register 5) 


c) Read Interrupt Status Register 1. If BO interrupt is 
set, the device is the 8291. If BO is clear, it is the 
8291A. 


This can be used to set a flag in the user’s software 
which will permit special routines to be executed for 
each device. It could be included as part of a normal 
initialization procedure as the first step after a chip 
reset. 


The 8291A will be a significant improvement over the 


8291. Users should plan to convert to this product when 
it is available. 
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Figure 4. 8291 and 8293 System Configuration 
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Figure 5. 8291, 8292, and 8293 System Configuration 
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[Symbol [ Parameter 
VIH 


Output High Voltage 


| Vor | OutputHigh Voltage 
eel Interrupt Output High Voltage 


OH 
VOH-INT 
[iwor | Output Leakage Current | 


A.C. CHARACTERISTICS (Vcc = 5V + 10%, Commercial: T, = 0°C to 70°C) 


wax. [une 
Address Stable Before READ P| sect) 
Address Hold After READ [insect 


| Min, 

0 | 

=a 
[RERD to Data van [| | 100] reecl— 
[Data Float After RED 0 | 0" nseo 
Address Sable Before WATE [0 | | nsec 
Address Hold After WRITE rr ee ee 
WRITE wish a0 ee 


Data Set Up Time to the Trailing 
150 nsec!!! 


Edge of WRITE 

po sect! 
| taxno | DACKitoDREQ! | T1830 nsec 
DACK! to Up Data Valid | | 200 nsec 


NOTES: 


1. 8080 System CLmax = 100pF; CLmin = 15pF; 3 MHz clock. 
2. 8085 System CL. = 150pF; 4 MHz clock. 
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WAVEFORMS 
READ 
CS/RSj 
READ 
DATA BUS 
(DATA OUT) 


DATA BUS 
(DATA IN) 


<—tan—>| |}<—— tap ——> ‘RDF 


aD C3 


CF 
tww ———__> [twa 


tow —~ 


taw —+| two 


DATA MAY CHANGE | VALID DATA JJ DATA MAY CHANGE 
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EOI! to TR1! PPSS, ATN=0.45V 
EOI! to DIO Valid PPSS, ATN=0.45V 


[tNobR! | NDACito REG? ———S*dYSSCa00 «dt mse [SH SSCSC~*S 
[rovers | _DAVitoorear ———*«|~—-600~—~*«| nsec | AH LACS ATNDAV 


TWRDV2 WRt to DAVY 830 + tsync | nsec | High Speed Transfers Enabled, 
Nr = fc, tsync = 1/2-fc 


NOTES: 
1. All GPIB timings are at the pins of the 8291. 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 


TEST POINT DEVICE 
> il ial < UNDER 

: 0.8 TEST 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC "1" AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC “1” 
AND 0.8V FOR A LOGIC “0.” 
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Appendix A 


MODIFIED STATE DIAGRAMS ically true at <0.8V and is equivalent to pin 36 on the 
8291. 

D. All remote multiline messages decoded are condi- 
tioned by ACDS. The multiplication by ACDS is not 
drawn to simplify the diagrams. 


Figure A.1 presents the interface function state diagrams. 
It is derived from IEEE Std. state diagrams, with the 
following changes: 


A. The 8291 supports the complete set of IEEE-488 E. The symbol 
interface functions except for the controller. These X 
include: SH1, AH1, T5, TES, L3, LE3, SR1, RL1, PP1, DC1, 
DT1, and CO. indicates: 
B. Addressing modes included in T,L state diagrams. 1. When event X occurs, the function will return to 
Note that in Mode 3, MSA, OSA are generated only after state S. 
secondary address validity check by the microprocessor 2. X overrides any other transition condition in the 
(APT interrupt). function. 
C. In these modified state diagrams, the IEEE-488 con- Statement 2 simplifies the diagram, avoiding the explicit 
vention of low true logic is followed. Thus, DAV is log- use of X to condition all transitions from S to other states. 
zo aa 
DAV | | 
BO IF TACS | SH 
ae 


pon 


ATN+F1 


(WITHIN t2) DAV 


F1 = TACS + SPAS 


NRFD 
oS ee oe oe 
— | 
NDAC NDAC —enCS! 
NRFD NRFD ;) ay | 
| 
F3 L-~—-—4 
*THIS TRANSITION WILL NEVER 
OCCUR UNDER NORMAL OPERATION. 
pon i TTpeLay |S ABOUT 300 NS 
F2 (WITHIN t2) FOR DEBOUNCING DAV. 
F3 
F DAV DAV* DAV DAV 


NDAC S 


F2 = ATN + LACS + LADS 
F3 = ATN + rdy F3 + T3’* ATN ToeLay?t - DAV 
13’ = 13+ CPT + APT 


NRFD 


Figure A.1. 8291 State Diagrams (Continued next page) 
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ton +MTA + MODE 1 
+ MSA TPAS - MODE 1 


F4 
IFC 


(WITHIN ta) ATN 
(WITHIN to) 


ATN - SPMS 


STB AND RQS AVAILABLE 
TO SH 


ATN (WITHIN t2) 


> DAB AVAILABLE TO SH 


F4 = OTA + (OSA* TPAS + MSA « LPAS) + 
MODE 1+MLA* MODE 1 


EO! IF DAB= EOS OR EDI IS TRUE. 


— SS Sj 
RQS IN STB | | 
| SRQ 
| 
MTA rsv * SPAS L-.——4 
pon S pon 
PCG*MTA 
SPE 
rsv ° SPAS 
pon 
SPD SRO 
RQS IN STB 
IFC 
(WITHIN tq) 
epee NT aha oa 
| | 
| Le | 
lon + MSA« LPAS « | | 
MODE 1 +MLA* MODE 1 ee ee ed) r---—-4 
| | 
| RL | 
| | 
pon F5°rtl L———— 


UNL +MSA-* TPAS > 


pon 
MODE 1 +MTA* MODE 1 


IFC (WITHIN tq) 


ATN ATN GTL+ LADS +rtl» LLO 
(WITHIN t2) (WITHIN t2) 
REN LLO 
(WITHIN ta) 
MLA 
GTL - LADS 
pon es 
F5 = (MLA+ MODE 1+ LPAS« MSA « MODE 1) 
PCG>MLA 


Figure A.1. 8291 State Diagrams (Continued next page) 
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pon 
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| | 
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*IDY = ATN- EOI 


Figure A.1. 8291 State Diagrams 


Appendix B 
IEEE 488 TIME VALUES 


SH Settling Time for Multiline Messages 


Time Value 
Iidentifier* 


t2 LC,IC,SH,AH,T,L | Response to ATN < 200ns 
T3 AH Interface Message Accept Time + >06 
t4 1, -e.b.Le,C, Ce Response to IFC or REN False < 100us 
ts PP Response to ATN+EOI < 200ns 
T6 C Parallel Poll Execution Time > 2us 
T7 C Controller Delay to Allow Current Talker = 500ns 
to see ATN Message 
Ts Length of IFC or REN False > 100us 


Delay for EOI** 


Time values specified by a lower case t indicate the maximum time allowed to make a state transition. Time values specified by an 
upper case T indicate the minimum time that a function must remain in a state before exiting. 


+t If three-state drivers are used on the DIO, DAV, and EOI lines, T1 may be: 
1. = 1100ns 
2. Or = 700ns if it is known that within the controller ATN is driven by a three-state driver. 
3. Or = 500ns for all subsequent bytes following the first sent after each false transition of ATN (the first byte must be sent in 
accordance with (1) or (2). 
4. Or = 350ns for all subsequent bytes following the first sent after each false transition of ATN under conditions specified in 
Section 5.2.3 and warning note. See IEEE Standard 488. 


Time required for interface functions to accept, not necessarily respond to interface messages. 


O ++ 


Implementation independent. 
** Delay required for EOI, NDAC, and NRFD signal lines to indicate valid states. 
tt = 600ns for three-state drivers. 
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DREQ(SH) 
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Appendix C 
THE THREE WIRE HANDSHAKE 


—<— TWRD15 7] 
VALID NOT VALID Po VALID 


v1 
T1 TDVNR1—— 


TNDDV1 


aa 
TRDNR3 _ 
- TNRDV2 


—\ 


TDVDR3 


TWRDV2 


Figure C-1. 3-Wire Handshake Timing at 8291 
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SOURCE ACCEPTOR 
START START 


SET DAV HIGH SET NRFD AND 
NDAC LOW 


ARE BOTH 
NRFD AND NDAC 
SENSED 
HIGH? 


YES ERROR 


CONDITION 


READY 
TO ACCEPT 
DATA? 


SET NRFD HIGH 


PUT OR CHANGE 
DATA ON 
DATA LINES 


NRFD SIGNAL LINES GOES HIGH 
yes ONLY WHEN ALL ACCEPTORS ARE READY 


DATA IS VALID AND MAY 
NOW BE ACCEPTED 


SET DAV LOW 


ACCEPT 
DATA BYTE 


SET NRFD LOW 


NDAC SIGNAL LINE STAYS LOW UNTIL 
ALL ACCEPTORS HAVE ACCEPTED IT 


SET DAV HIGH DATA IS NOT TO BE CONSIDERED 
VALID AFTER THIS TIME 


SET NDAC HIGH 


HAS DAV 
GONE HIGH 
YET? 


FLOW DIAGRAM OUTLINES SEQUENCE OF EVENTS DURING TRANSFER OF 
DATA BYTE. MORE THAN ONE LISTENER AT A TIME CAN ACCEPT DATA 
BECAUSE OF LOGICAL AND CONNECTION OF NRFD AND NDAC LINES. 


Figure C.2. Handshake Flowchart 
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Appendix D 
FUNCTIONAL PARTITIONS 


B A 


DEVICE (APPARATUS) 


INTERFACE 
FUNCTIONS 


Cc 
(8292 ONLY) 


DRIVERS 
AND 
RECEIVERS 


DEVICE MESSAGE [4,7\—J-- = > INTERFACE 
FUNCTIONS sauna hea a i aaa 


MCS™ 8291 8293 
SYSTEM 


A — CAPABILITY DEFINED BY THE 488-1978 STANDARD. 

B — CAPABILITY DEFINED BY THE DESIGNER. 

1 — INTERFACE BUS SIGNAL LINES. 

2 — REMOTE INTERFACE MESSAGES TO AND FROM INTERFACE FUNCTIONS. 

3 — DEVICE DEPENDENT MESSAGES TO AND FROM DEVICE FUNCTIONS. 

4 — STATE LINKAGES BETWEEN INTERFACE FUNCTIONS. 

5 — LOCAL MESSAGES BETWEEN DEVICE FUNCTIONS AND INTERFACE 
FUNCTIONS (MESSAGES TO INTERFACE FUNCTIONS ARE DEFINED, 
MESSAGES FROM INTERFACE FUNCTIONS EXIST ACCORDING TO THE 
DESIGNER'S CHOICE). 

6 — CONTROL MESSAGES (8292 ONLY). 


Figure D.1. Functional Partition Within a Device 
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8292 
GPIB CONTROLLER 


= Complete IEEE Standard 488 Controller = Complete Implementation of Transfer 


Function Control Protocol 

= Interface Clear (IFC) Sending Capability ; 
Allows Seizure of Bus Control and/or = Synchronous Control Seizure Prevents 
Initialization of the Bus the Destruction of Any Data 


Transmission in Progress 
= Responds to Service Requests (SRQ) 


= Sends Remote Enable (REN), Allowing = Connects with the 8291 to Form a 
Instruments to Switch to Remote Complete IEEE Standard 488 Interface 
Control Talker/Listener/Controller 


The 8292 GPIB Controller is a microprocessor-controlled chip designed to function with the 8291 GPIB Talker/Listener 
to implement the full IEEE Standard 488 controller function, including transfer control protocol. The 8292 is a pre- 
programmed Intel® 8041A. 


MICROPROCESSOR SYSTEM BUS 


8291 
GPIB 
TALKER/ 
LISTENER 


8292 
GPIB 
CONTROLLER 


CONTROLLER 


8293 
TRANSCEIVERS 


GENERAL PURPOSE INTERFACE BUS 


Figure 1. 8291, 8292 Block Diagram Figure 2. Pin Configuration 
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Table 1. Pin Description 


IFC Received (Latched): The 8292 
monitors the IFC Line (when not 
system controller) through this pin. 


Crystal Inputs: Inputs for a crystal, 
LC or an external timing signal to 
determine the internal oscillator 
frequency. 


RESET 4 Reset: Used to initialize the chip to 
a known state during power on. 


Chip Select Input: Used to select 
the 8292 from other devices on the 
common data bus. 


Address Line: Used to select be- 
tween the data bus and the status 
register during read operations and 
to distinguish between data and 
commands written into the 8292 


Sync: 8041A instruction cycle syn- 
chronization signal; it is an output 
clock with a frequency of XTAL + 
15. 


Do-D7 | 12-19 | I/O | Data: 8 bidirectional lines used for 
communication between the cen- 
tral processor and the 8292's data 
bus buffers and status register. 


ECE Ground: Circuit ground potential. 


Service Request: One of the IEEE 
control lines. Sampled by the 8292 
when it is controller in charge. If 
true, SPI interrupt to the master will 
be generated. 


Attention In: Used by the 8292 to 
monitor the GPIB ATN control line. It 
is used during the transfer control 
procedure. 


Interface Clear: One of the GPIB 
management lines, as defined by 
IEEE Std. 488-1978, places all de- 
vices in a known quiescent state. 


System Conroller: Monitors the 
system controller switch. 


ClearLatch: Used to clear the IFCR 
latch after being recognized by the 
8292. Usually low (except after 
hardware Reset), it will be pulsed 
high when IFCR is recognized by 
the 8292. 


Attention Out: Controls the ATN 
control line of the bus through ex- 
ternal logic for tcs and tca proce- 
dures. (ATNis a GPIB control line, as 
defined by IEEE Std. 488-1978.) 
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Event Count: When enabled by the 
proper command the internal 
counter will count external events 
through this pin. High to low transi- 
tion will increment the internal 
counter by one. The pin is sampled 
once per three internal instruction 
cycles (7.5usec sample period 
when using 5 MHz XTAL). It can be 
used for byte counting when con- 
nected to NDAC, or for block count- 
ing when connected to the EOI. 


Remote Enable: The Remote En- 
able bus signal selects remote or 
local control of the device on the 
bus. A GPIB bus management line, 
as defined by IEEE Std. 488-1978. 


Data Valid: Used during parallel 
poll to force the 8291 to accept the 
parallel poll status bits. It is also 
used during the tcs procedure. 


Input Buffer Not Full: Used to 
interrupt the central processor 
while the input buffer of the 8292 is 
empty. This feature is enabled and 
disabled by the interrupt mask 
register. 


Output Buffer Full: Used as an 
interrupt to the central processor 
while the output buffer of the 8292 is 
full. The feature can be enabled and 
disabled by the interrupt mask 
register. 


End Or Identify: One of the GPIB 
management lines, as defined by 
IEEE Std. 488-1978. Used with ATN 
as Identify Message during parallel 
poll. 


Special Interrupt: Used as an inter- 
rupt on events not initiated by the 
central processor. 


Task Complete Interrupt: Interrupt 
to the control processor used to in- 
dicate that the task requested was 
completed by the 8292 and the in- 
formation requested is ready in the 
data bus buffer. 


Controller In Charge: Controls the 
S/R input of the SRQ bus trans- 
ceiver. It can also be used to indi- 
cate that the 8292 is in charge of the 
GPIB bus. 
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FUNCTIONAL DESCRIPTION 


The 8292 is an Intel 8041A which has been programmed 
as a GPIB Controller interface element. It is used with 
the 8291 GPIB Talker/Listener and two 8293 GPIB Trans- 
ceivers to form a complete IEEE-488 Bus Interface for a 
microprocessor. The electrical interface is performed by 
the transceivers, data transfer is done by the talker/ 
listener, and control of the bus is done by the 8292. 
Figure 3 is a typical controller interface using Intel's 
GPIB peripherals. 


Figure 3. Talker/Listener/Controller Configuration 


The internal RAM in the 8041A is used as a special 
purpose register bank for the 8292. Most of these 
registers (except for the interrupt flag) can be accessed 
through commands to the 8292. Table 2 identifies the 
registers used by the 8292 and how they are accessed. 


8292 


Interrupt Status Register 


[miele ls loko lo! 


D7 Do 
The 8292 can be configured to interrupt the microproc- 
essor on one of several conditions. Upon receipt of the 
interrupt the microprocessor must read the 8292 
interrupt status register to determine which event 
caused the interrupt, and then the appropriate subrou- 
tine can be performed. The interrupt status register is 
read with Ag high. With the exception of OBF and IBF, 
these interrupts are enabled or disabled by the SPI 
interrupt mask. OBF and IBF have their own bits in the 
interrupt mask (OBFI and IBF). 


OBF Output Buffer Full. A byte is waiting to be read by 
the microprocessor. This flag is cleared when the 
output data bus buffer is read. 


IBF Input Buffer Full. The byte previously written by 
the microprocessor has not been read yet by the 
8292. If another byte is written to the 8292 before 
this flag clears, data will be lost. IBF is cleared 
when the 8292 reads the data byte. 


IFCR Interface Clear Received. The GPIB system 
controller has set IFC. The 8292 has become idle 
and is no longer in charge of the bus. The flag is 
cleared when the I|ACK command is issued. 

EV Event Counter Interrupt. The requested number 
of blocks or data bytes has been transferred. The 
EV interrupt flag is cleared by the IACK 
command. 


SRQ_ Service Request. Notifies the 8292 that a service 
request (SRQ) message has been received. It is 
cleared by the IACK command. 


ERR Error occurred. The type of error can be deter- 
mined by reading the error status register. This 
interrupt flag is cleared by the [ACK command. 

SYC System Controller Switch Change. Notifies the 
processor that the state of the system controller 
switch has changed. The actual state is con- 
tained in the GPIB Status Register. This flag is 
cleared by the IACK command. 


Table 2. 8292 Registers 


READ FROM 8292 


INTERRUPT STATUS Ao 
fave | orn | amo | ev fx | won| ‘er | oor] 
D7 Do 
ERROR FLAG 
CTs [oe [x [ones or] » 
CONTROLLER STATUS 


oO 
* 


GPIB (BUS) STATUS 


EVENT COUNTER STATUS 


PRES EAE ESEIEI, 


TIME OUT STATUS 


oO 
+ 
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WRITE TO 8292 
INTERRUPT MASK Ao 
[+ [em | re | sve | oom | tert | 0 | sro] o 
D7 Do 
ERROR MASK 


Le Spe Peaney Oa Been] aoa” % 


COMMAND FIELD 


RP RRED LAPS ERR 


EVENT COUNTER 


RE RRES ARS EAE 


TIME OUT 


Se eee Be el 2 


Note: These registers are accessed by a special utility command, 
see page 6. 
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Interrupt Mask Register 


| + | sa] ro | sve | oon | ier | oo | sao 
Do 


D7 


The Interrupt Mask Register is used to enable features 
and to mask the SPI and TCI interrupts. The flags in the 
Interrupt Status Register will be active even when 
masked out. The Interrupt Mask Register is written 
when Ap is low and reset by the RINM command. When 
the register is read, D, and D7 are undefined. An inter- 
tupt is enabled by setting the corresponding register bit. 


SRQ_ Enable interrupts on SRQ received. 
IBFl_ Enable interrupts on input buffer empty. 
OBFI Enable interrupts on output buffer full. 


SYC_ Enable interrupts on a change in the system 
controller switch. 


TCI Enable interrupts on the task completed. 
SPI Enable interrupts on special events. 


NOTE: The event counter is enabled by the GSEC 
command, the error interrupt is enabled by the error 
mask register, and IFC cannot be masked (it will always 
cause an interrupt). 


Controller Status Register 
[esos [ om [ x | x [oe] vo | men | ono 
D7 Do 


The Controller Status Register is used to determine the 
status of the controller function. This register is 
accessed by the RCST command. 


SRQ_ Service Request line active (CSRS). 

REN Sending Remote Enable. 

IFC Sending or receiving interface clear. 
SYCS System Controller Switch Status (SACS). 
CA Controller Active (CACS + CAWS + CSWS). 


CSBS Controller Stand-by State (CSBS, CA)=(0,0) — 
Controller Idle 


GPIB Bus Status Register 
ew Low [eo [ x [oe [ve [aw | or | 
D7 Do 


This register contains GPIB bus status information. It 
can be used by the microprocessor to monitor and 
manage the bus. The GPIB Bus Register can be read 
using the RBST command. 


Each of these status bits reflect the current status of 
the corresponding pin on the 8292. 


SRQ_ Service Request 

ATNI Attention In 

IFC Interface Clear 

SYC System Controller Switch 
EOI End or Identify 

DAV Data Valid 

REN Remote Enable 
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Event Counter Register 


ESE EACLE ERES 


The Event Counter Register contains the initial value for 
the event counter. The counter can count pulses on pin 
39 of the 8292 (COUNT). It can be connected to EOI or 
NDAC to count blocks or bytes respectively during 
standby state. A count of zero equals 256. This register 
cannot be read, and is written using the WEVC 
command. 


Event Counter Status Register 


pm | m% | me | m fm | me | | 


This register contains the current value in the event 
counter. The event counter counts back from the initial 
value stored in the Event Counter Register to zero and 
then generates an Event Counter Interrupt. This register 
cannot be written and can be read using a REVC 
command. 


Time Out Register 


pm | % | m% | mw fm | % | om | 


The Time Out Register is used to store the time used for 
the time out error function. See the individual timeouts 
(TOUT1, 2, 3) to determine the units of this counter. This 
Time Out Register cannot be read, and it is written with 
the WTOUT command. 


Time Out Status Register 


EZEZETESEVERERES 


This register contains the current value in the time out 
counter. The time out counter decrements from the 
Original value stored in the Time Out Register. When 
zero is reached, the appropriate error interrupt is gen- 
erated. If the register is read while none of the time out 
functions are active, the register will contain the last 
value reached the last time a function was active. The 
Time Out Status Register cannot be written, and it is 
read with the RTOUT command. 


Error Flag Register 


D7 Do 


Four errors are flagged by the 8292 with a bit in the Error 
Flag Register. Each of these errors can be masked by 
the Error Mask Register. The Error Flag Register cannot 
be written, and it is read by the |ACK command when the 
error flag in the Interrupt Status Register is set. 


TOUT1 Time Out Error 1 occurs when the current con- 
troller has not stopped sending ATN after 
receiving the TCT message for the time period 
specified by the Time Out Register. Each count 
in the Time Out Register is at least 1800 toy. 
After flagging the error, the 8292 will remain ina 
loop trying to take control until the current 
controller stops sending ATN or a new com- 
mand is written by the microprocessor. If a new 
command is written, the 8292 will return to the 
loop after executing it. 
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TOUT2 Time Out Error 2 occurs when the transmission 
between the addressed talker and listener has 
not started for the time period specified by the 
Time Out Register. Each count in the Time Out 
Register is at least 45 tcy. This feature is only 


enabled when the controller is in the CSBS 
state. 


TOUT3 Time Out Error 3 occurs when the handshake 
Signals are stuck and the 8292 is not succeed- 
ing in taking control synchronously for the time 
period specified by the Time Out Register. Each 
count in the Time Out Register is at least 1800 
toy. The 8292 will continue checking ATNI until 
it becomes true or anew command is received. 
After performing the new command, the 8292 
will return to the ATNI checking loop. 


USER __User error occurs when request to assert IFC or 
REN was received and the 8292 was not the 
system controller. 


Error Mask Register 


Do 
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The Error Mask Register is used to mask the interrupt 
from a particular type of error. Each type of error inter- 
rupt is enabled by setting the corresponding bit in the 
Error Mask Register. This register can be read with the 
RERM command and written with Ao low. 


Command Register 


Commands are performed by the 8292 whenever a byte 
is written with Ap high. There are two categories of 
commands distinguished by the OP bit (bit 4). The first 
category is the operation command (OP=1). These 
commands initiate some action on the interface bus. 
The second category is the utility commands (OP = 0). 
These commands are used to aid the communication 
between the processor and the 8292. 


OPERATION COMMANDS 


Operation commands initiate some action on the GPIB 
interface bus. It is using these commands that the 
control functions such as polling, taking and passing 
control, and system controller functions are performed. 
A TCI interrupt is generated upon successful comple- 
tion of each of these functions. 


FO — SPCNI — Stop Counter Interrupts 


This command disables the internal counter interrupt so 
that the 8292 will stop interrupting the master on event 
counter underflows. However, the counter will continue 
counting and its contents can still be used. 
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F1 — GIDL — Go To Idle 


This command is used during the transfer of control 
procedure while transferring control to another con- 
troller. The 8292 will respond to this command only if it 
is in the active state. ATNO will go high, and CIC will be 
high so that this 8292 will no longer be driving the ATN 
line on the GPIB interface bus. 


F2 — RST — Reset 


This command has the same effect as asserting the 
external reset on the 8292. For details, refer to the reset 
procedure described later. 


F3 — RSTI — Reset Interrupts 


This command resets any pending interrupts and clears 
the error flags. The 8292 will not return to any loop it was 
in (such as from the time out interrupts). 


F4 — GSEC — Go To Standby, Enable Counting 


The function causes ATNO to go high and the counter 
will be enabled. If the 8292 was not the active controller, 
this command will exit immediately. If the 8292 is the 
active controller, the counter will be loaded with the 
value stored in the Event Counter Register, and the 
internal interrupt will be enabled so that when the 
counter reaches zero, the SPI interrupt will be gener- 
ated. SPI will be generated every 256 counts thereafter 
until the controller exits the standby state or the SPCNI 
command is written. An initial count of 256 (zero in the 
Event Counter Register) will be used if the WEVC 
command is not executed. If the data transmission does 
not start, a TOUT2 error will be generated. 


F5 — EXPP — Execute Parallel Poll 


This command initiates a parallel poll by asserting ATN 
and EOI (IDY message) true. The 8291 should be 
previously configured as a listener. Upon detection of 
DAV true, the 8291 enters ACDS and latches the parallel 
poll response (PPR) byte into its data in register. The 
master will be interrupted by the 8291 BI interrupt when 
the PPR byte is available. No interrupts except the IBFI 
will be generated by the 8292. The 8292 will respond to 
this command only when it is the active controller. 


F6 — GTSB — Go To Standby 


lf the 8292 is the active controller, ATNO will go high 
then TCI will be generated. If the data transmission does 
not start, a TOUT2 error will be generated. 


F7 — SLOC — Set Local Mode 


lf the 8292 is the system controller, then REN will be 
asserted false for at least 100 usec. If it is not the 
system controller, the User Error bit will be set in the 
Error Flag Register. 


F8 — SREM — Set Interface To Remote Control 


This command will set REN true if this 8292 is the 
system controller. If not, the User Error bit will be set in 
the Error Flag Register. 
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F9 — ABORT — Abort All Operation, Clear Interface 


This command will cause IFC to be asserted true for at 
least 100 usec if this 8292 is the system controller. If it is 
in CIDS, it will take control over the bus (see the TCNTR 
command). 


FA — TCNTR — Take Control 


The transfer of control procedure is coordinated by the 
master with the 8291 and 8292. When the master 
receives a TCT message from the 8291, it should issue 
the TCNTR command to the 8292. The following events 
occur to take control: 


1. The 8292 checks to see if it is in CIDS, and if not, it 
exits. 

2. Then ATNI is checked until it becomes high. If the 
current controller does not release ATN for the time 
specified by the Time Out Register, then a TOUT1 
error is generated. The 8292 will return to this loop 
after an error or any command except the RST and 
RSTI commands. 

3. After the current controller releases ATN, the 8292 
will assert ATNO and CIC low. 

4. Finally, the TCI interrupt is generated to inform the 
master that it is in control of the bus. 


FC — TCASY — Take Control Asynchronously 


TCAS transfers the 8292 from CSBS to CACS indepen- 
dent of the handshake lines. If a bus hangup is detected 
(by an error flag), this command will force the 8292 to 
take control (asserting ATN) even if the AH function is 
not in ANRS (Acceptor Not Ready State). This command 
should be used very carefully since it may cause the 
loss of a data byte. Normally, control should be taken 
synchronously. After checking the controller function 
for being in the CSBS (else it will exit immediately), 
ATNO will go low, and a TCI interrupt will be generated. 


FD — TCSY — Take Control Synchronously 


There are two different procedures used to transfer the 
8292 from CSBS to CACS depending on the state of the 
8291 in the system. If the 8291 is in ‘continuous AH 
cycling’ mode (Aux. Reg. AO0=A1=1), then the 
following procedure should be followed: 


1. The master microprocessor stops the continuous AH 
cycling mode in the 8291; 

2. The master reads the 8291 Interrupt Status 1 
Register; 

3. If the END bit is set, the master sends the TCSY 
command to the 8292; 

4. If the END bit was not set, the master reads the 8291 
Data In Register and then waits for another BI 
interrupt from the 8291. When it occurs, the master 
sends the 8292 the TCSY command. 


If the 8291 is not in AH cycling mode, then the master 
just waits for a BI interrupt and then sends the TCSY 
command. After the TCSY command has been issued, 
the 8292 checks for CSBS. If CSBS, then it exits the 
routine. Otherwise, it then checks the DAV bit in the 
GPIB status. When DAV becomes false, the 8292 will 
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wait for at least 1.5 usec. (T10) and then ATNO will go 
low. If DAV does not go low, a TOUTS error will be 
generated. 


FE — STCNI — Start Counter Interrupts 


This command enables the internal counter interrupt. 
The counter is enabled by the GSEC command. 


UTILITY COMMANDS 


All these commands are either Read or Write to regis- 
ters in the 8292. Upon completion of Read commands, 
the TCI (Task Completed Interrupt) will be generated. 
Note that writing to the Error Mask Register and the 
Interrupt Mask Register are done directly. 


E1 — WTOUT — Write To Time Out Register 


The byte written to the data bus buffer (with Ap=0) 
following this command will determine the time used 
for the time out function. Since this function is imple- 
mented in software, this will not be an accurate time 
measurement. This feature is enable or disable by the 
Error Mask Register. No interrupts except for the IBFI 
will be generated upon completion. 


E2 — WEVC — Write To Event Counter 


The byte written to the data bus buffer (with Aj=0) 
following this command will be loaded into the Event 
Counter Register and the Event Counter Status for byte 
counting or EO! counting. Only IBFi will indicate 
completion of this command. 


£3 — REVC — Read Event Counter Status 


This command transfers the contents of the Event 
Counter into the data bus buffer. A TCI is generated 
when the data is available in the data bus buffer. 


E4 — RERF — Read Error Flag Register 


This command transfers the contents of the Error Flag 
Register into the data bus buffer. A TCI is generated 
when the data is available. 


E5 — RINM — Read interrupt Mask Register 


This command transfers the contents of the Interrupt 
Mask Register into the data bus buffer. This register is 
available to the processor so that it does not need to 
store this information elsewhere. A TCI is generated 
when the data is available in the data bus buffer. 


E6 — RCST — Read Controller Status Register 


This command transfers the contents of the Controller 
Status Register into the data bus buffer and a TCI inter- 
rupt is generated. 


E7 — RBST — Read GPIB Bus Status Register 


This command transfers the contents of the GPIB Bus 
Status Register into the data bus buffer, and a TCl 
interrupt is generated when the data is available. 
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E9 — RTOUT — Read Time Out Status Register 


This command transfers the contents of the Time Out 
Status Register into the data bus buffer, and a TCl 
interrupt is generated when the data is available. 


EA — RERM — Read Error Mask Register 


This command transfers the contents of the Error Mask 
Register to the data bus buffer so that the processor 
does not need to store this information elsewhere. A TCI 
interrupt is generated when the data is available. 


Interrupt Acknowledge 


Pee Tm [ele] [ol [* 


D7 Do 


Each named bit in an Interrupt Acknowledge (IACK) 
corresponds to a flag in the Interrupt Status Register. 
When the 8292 receives this command, it will clear the 
SPI and the corresponding bits in the Interrupt Status 
Register. If not all the bits were cleared, then the SPI will 
be set true again. If the error flag is not acknowledged 
by the IACK command, then the Error Flag Register will 
be transferred to the data bus buffer, and a TCI will be 
generated. 


NOTE: XXXX1X11 is an undefined operation or utility 


command, so no conflict exists between the IACK 
operation and utility commands. 


SYSTEM OPERATION 
8292 To Master Processor Interface 


Communication between the 8292 and the Master 
Processor can be either interrupt based communication 
or based upon polling the interrupt status register in 
predetermined intervals. 


Interrupt Based Communication 
Four different interrupts are available from the 8292: 


OBFI Output Buffer Full Interrupt 
IBFI Input Buffer Not Full Interrupt 
TCI Task Completed Interrupt 

SPI Special Interrupt 


Each of the interrupts is enabled or disabled by a bit in 
the interrupt mask register. Since OBFI and IBFI are 
directly connected to the OBF and IBF flags, the master 
can write a new command to the input data bus buffer 
as soon as the previous command has been read. 


The TCI interrupt is useful when the master is sending 
commands to the 8292. The pending TCI will be cleared 
with each new command written to the 8292. Commands 
sent to the 8292 can be divided into two major groups: 


1. Commands that require response back from the 8292 
to the master, e.g., reading register. 

2. Commands that initiate some action or enable 
features but do not require response back from the 
8292, e.g., enable data bus buffer interrupts. 
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With the first group, the TCI interrupt will be used to 
indicate that the required response is ready in the data 
bus buffer and the master may continue and read it. 
With the second group, the interrupt will be used to 
indicate completion of the required task, so that the 
master may send new commands. 


The SPI should be used when immediate information or 
special events is required (see the Interrupt Status 
Register). 


“Polling Status” Based Communication 


When interrupt based communication is not desired, all 
interrupts can be masked by the interrupt mask register. 
The communication with the 8292 is based upon 
sequential poll of the interrupt status register. By 
testing the OBF and IBF flags, the data bus buffer 
status is determined while special events are deter- 
mined by testing the other bits. 


Receiving IFC 


The IFC pulse defined by the IEEE-488 standard is at 
least 100 usec. In this time, all operation on the bus 
should be aborted. Most important, the current control- 
ler (the one that is in charge at that time) should stop 
sending ATN or EOI. Thus, IFC must externally gate CIC 
(controller in charge) and ATNO to ensure that this 
occurs. 


Reset and Power Up Procedure 


After the 8292 has been reset either by the external reset 
pin, the device being powered on, or a RST command, 
the following sequential events will take place: 


1. All outputs to the GPIB interface will go high (SRQ, 
ATNI, IFC, SYC, CLTH, ATNO, CIC, TCI, SPI, EOI, 
OBFI, IBFI, DAV, REV). 

2. The four interrupt outputs (TCI, SPI, OBFI, IBFl) and 
CLTH output will go low. 


3. The following registers will be cleared: 
Interrupt Status 
Interrupt Mask 
Error Flag 
Error Mask 
Time Out 
Event Counter (= 256), Counter is disabled. 
4. If the 8292 is the system controller, an ABORT 
command will be executed, the 8292 will become the 
controller in charge, and it will enter the CACS state. 


If it is not the system controller, it will remain in 
CIDS. 


System Configuration 


The 8291 and 8292 must be interfaced to an IEEE-488 
bus meeting a variety of specifications including drive 
capability and loading characteristics. To interface the 
8291 and the 8292 without the 8293’s, several external 
gates are required, using a configuration similar to that 
used in Figure 5. 
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GPIB 
TRANSCEIVERS 


PROCESSOR BUS 
INTERRUPT WR RD RSTCLK ADD DATA DMA 


ima: 
fe 


NOTES: 

1. CONNECT TO NDAC FOR 
BYTE COUNT OR TO EO! = 
FOR BLOCK COUNT. 

2. GATE ENSURES OPEN 
COLLECTOR OPERATION 
DURING PARALLEL POLL. 


SYSTEM ON Q 
CONTROLLER @ 
SWITCH saath 


Figure 4. 8291 and 8292 System Configuration 
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TO MICROPROCESSOR 


nh 
fo] 
hm 
on 


a: 
# ete a 
aa (ene 
HH. 2: 
YL ft fz] To 
BRET 33 BUS 
ee 
HE fa ck —_ 
| 
PEPE 
a ol aan ieee? = 
SEGaRRRRRE es 
= PTT TEE ELT | a4] foe} | 
MICROPROCESSOR PTT TT TT Ts] a7] | 
PTT TTT TLTL | 7 oal 
SRRSUREREALEE al 
SERBS “ie 
GEPRURTER ORK = 
oe HITT TT a ve 
TRIGGER Vcc 
OUTPUT 
DO 
D1 
D2 | | 40] BMAD 
03 isn 
o mee 
08 5 ee ee ee a 
es an aa EEE 
" ae | PT 
= i a 2 
Wi i a 
— RESET! a es 
os ‘oe. 
TCl 
TO 
MICROPROCESSOR 
OUTPUT Veo 
i || 
= 31 
2—_# _ 
15-25 pF Vec 
i Vcc 
= = v2 ON SYSTEM 


oi iid SWITCH 
*= GPIB BUS TRANSCEIVER 
t = SEE 8041A DATA SHEET FOR ALTERNATE 
CRYSTAL CONFIGURATIONS 
tt =CAN CONNECT TO SYSTEM RESET SWITCH, 
SEE 8041A DATA SHEET 


IEEE-488 


IEEE-488 


Figure 5. 8291, 8292, and 8293 System Configuration 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under ‘Absolute 


Maximum Ratings’ may cause permanent damage to the 


Ambient Temperature Under Bias......... 0°C to 70°C device. This is a stress rating only and functional opera- 
Storage Temperature............. —65°C to +150°C tion of the device at these or any other conditions above 
Voltage on Any Pin With Respect those indicated in the operational sections of this specifi- 

to Ground CRDEA CRED ODDS SRR eee SD eS 0.5V to +7V cation is not implied. Exposure to absolute maximum 
Power Dissipation................00 cece eee 1.5 Watt 


rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (Ta = 0°C to 70°C, Veg = OV: 8292, Voc = +5V +10%) 


Vind Input Low Voltage (All Except X,, X2, RESET) 


Vit Input Low Voltage (X4, Xo, RESET) | -0.5 | 


Symbol 


Test Conditions 


Vini Input High Voltage (All Except X1, Xo, RESET) 


Vin2 Input High Voltage (X41, X2, RESET) 3.8 


lol = 2.0 mA 


Vout Output Low Voltage (Do-D7) 


Voi2 _| Output Low Voltage (All Other Outputs) Lo a dl 
Ne 


lo = 1.6 mA 


Von Output High Voltage (Dg-D7) 
Von2 Output High Voltage (All Other Outputs) | 2.4 | 
Input Leakage Current (COUNT, IFCL, RD, WR, CS, Ao) r-. ,| 


lon = —400 pA 


| Unit 
le —50 gh 
p uA | 
| mA 
[mA | 
| mA 
uA 
pF | 
er | 


Output Leakage Current (Dp-D7, High Z State) 
if Low Input Load Current (Pins 21-24, 27-38) | 0.5 | mA |V\,=0.8V 


lus Low Input Load Current (RESET) | | 0.2 | ma 
loc Total Supply Current PL 425 | mA 
ey Input High Leakage Current (Pins 21-24, 27-38) F | 100. | uA 


Cin Input Capacitance 


Ci/o I/O Capacitance 


A.C. CHARACTERISTICS (Ty = 0°C to 70°C, Veg = OV: 8292, Voc = +5V +10%) 


DBB READ 
Parameter 
CS, Ap Setup to RDI 


CS, Ao Hold After RDt 


RD Pulse Width 


| Min. 
0 
0 
| 250 
CS, Ao to Data Out Delay i. 4 
_ 
ma 
25 | 


C, = 150 pF 


C, = 150 pF 


tra 
tap 
RD to Data Out Delay 


DF RDt to Data Float Delay 1 
toy __| Cycle Time ee 
DBB WRITE 


CS, Ap Setup to WRI 
CS, Ao Hold After WRI 


WR Pulse Width 
Data Hold After WR 
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i CCN 
a SS 
{S50 Soe a ay i moe me St oo os me 


Starts Count After 43 


Not System Controller 


If Interrupt Pending 


Notes: 

1. All times are multiples of tcy from the 8041A command interrupt. 

2. TCI clears after 7 tcy on all commands. 

3. t indicates a level transition from low to high, + indicates a high to low transition. 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 DEVICE 


UNDER 
»> TEST POINTS < TEST 


0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC “1° AND 0.45V FOR 
A LOGIC °0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC °'1 
AND 0.8V FOR A LOGIC “0.” 

C, INCLUDES JIG CAPACITANCE 
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DRIVING FROM EXTERNAL SOURCE 


+5V 


< 15 pF 
(INCLUDES XTAL, 
SOCKET, STRAY) 


(INCLUDES SOCKET, a 
STRAY) 


BOTH XTAL1 AND XTAL2 SHOULD BE DRIVEN. 
RESISTORS TO Vcc ARE NEEDED TO ENSURE Vjy = 3.8V 
IF TTL CIRCUITRY IS USED. 


CRYSTAL SERIES RESISTANCE SHOULD BE 
<752 AT 6 MHz; <1802 AT 3.6 MHz. 


LC OSCILLATOR MODE 
to Cf NOMINAL ft idee 
45uH 20pF 5.2 MHz ~ 2n/ LC! 
120uH  20pF 3.2 MHz 2 


Cpp = 5-10 pF PIN-TO-PIN 
CAPACITANCE 


EACH C SHOULD BE APPROXIMATELY 20 pF, INCLUDING STRAY CAPACITANCE. 


WAVEFORMS 


READ OPERATION—DATA BUS BUFFER REGISTER 


CS OR Ao 
(SYSTEM'S 
ADDRESS BUS) 


RD 
(READ CONTROL) 


petetre DATA VALID b 


WRITE OPERATION — DATA BUS BUFFER REGISTER 


CS OR Ao 
(SYSTEM’S 
ADDRESS BUS) 


WR 
(WRITE CONTROL) 


DATA BUS DATA DATA 
(INPUT) MAY CHANGE MAY CHANGE 
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APPENDIX 


The following tables and state diagrams were taken 
from the IEEE Standard Digital Interface for Program- 


8292 


mable Instrumentation, IEEE Std. 488-1978. This docu- 
ment is the official standard for the GPIB bus and can be 
purchased from IEEE, 345 East 47th St., New York, NY 
10017. 


C MNEMONICS 


Messages 
pon = power on CIDS 
rsc =request system control CADS 
rpp =request parallel poll CTRS 
gts =go to standby CACS 
tca =takecontrol asynchronously CPWS 
tcs = take control synchronously CPPS 
sic = send interface clear CSBS 
sre =send remote enable CSHS 
IFC =interface clear CAWS 
ATN = attention CSWS 
TCT = take control CSRS 
CSNS 
SNAS 
SACS 
SRIS 
SRNS 
SRAS 
SIIS 
SINS 
SIAS 


Interface States 


= controller idle state 

= controller addressed state 

= controller transfer state 

= controller active state 

= controller parallel poll wait state 
= controller parallel poll state 


= controller standby state 

= controller standby hold state 

= controller active wait state 

= controller synchronous wait state 

= controller service requested state 

= controller service not requested state 

= system control not active state 

= system control active state 

= system control remote enable idle state 

= system control remote enable not active state 
= system control remote enable active state 

= system control interface clear idle state 

= system control interface clear not active state 
= system control interface clear active state 


= accept data state (AH function) 

= acceptor not ready state (AH function) 
(SDYS) = source delay state (SH function) 

= source transfer state (SH function) 

= talker addressed state (T function) 


pon —+(cios 


iFC A Ge” 


(WITHIN ta) 


TCT A (ACDS 


A 


{(TADS)} 
gts A A (SDYS)t 


(ACDs) A TCT A (TADS)] 


[IFC A (ACDS) 


rpp “ A (SYS) 


T A (TADS) 


* Tio > 1.5 use 

Tt THE MICROPROCESSOR MUST WAIT FOR THE BO 
INTERRUPT BEFORE WRITING THE GTSB OR GSEC 
COMMANDS TO ENSURE THAT (STRSA SDYS) 
IS TRUE. 


Figure A.1. C State Diagram 
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REMOTE MESSAGE CODING 


Bus Signal Line(s) and Coding That 
Asserts the True Value of the Message 


T t D D NN 
Y A | ! DRD AES IR 
P Ss O O AFA TORFE 
Mnemonic Message Name E S 87654321 VDC NIQCN 
ACG Addressed Command Group M AC YOOOX XXX XXX 1X XX X 
ATN Attention U UC XX XKXXXXKXK XXX 1X XK XK X 
DAB Data Byte (Notes1,9) M DDB DDDODODODOD XXX OX XX X 
$7654s32 1 
DAC Data Accepted U HS XXXXXXXX XXO XXX XX 
DAV Data Valid U HS XXXXXXKXX 1KXX XXK XK XX 
DCL Device Clear M UC YO0010%100 XXX 1X XX X 
END End U ST XXXXXXXX XXX O01X XX 
EOS End of String (Notes 2,9) M DDB EEEEEEEE XXX OX X X X 
8765432 1 
GET Group Execute Trigger M AC YO001000 XXX 1X XX X 
GTL Go to Local M AC YO000000%1 XXX 1X XX X 
IDY Identify U UC XX XXX XXX XXX X1X X X 
IFC Interface Clear U UC XXXKXKXXXXK XXX XKXXKXK1X 
LAG Listen Address Group M AD YO1X XXX XK XXX 1X X X X 
LLO Local Lock Out M UC YO0O1000%1 XXX 1X XK XX 
MLA My Listen Address (Note 3) M AD Y 01 ; rn 3 : : XXX 1X X X X 
MTA My Talk Address (Note 4) M AD Y 10 : 7 : : i XXX 1X X X X 
MSA My Secondary Address (Note 5) M SE Y11 Fi ; ? XXX 1X X X X 
NUL Null Byte M DDB 00000000 XXX X XX X X 
OSA Other Secondary Address M SE (OSA = SCG A MSA) 
OTA Other Talk Address M AD (OTA = TAG AMTA) 
PCG Primary Command Group M — (PCG = ACG v UCG v LAG v TAG) 
PPC Parallel Poll Configure M AC YO000%10%1 XXX 1X X X X 
PPE Parallel Poll Enable (Note 6) M SE Y110S8S : " : XXX 1X X X X 
PPD Parallel Poll Disable (Note 7) M SE Y11 1 3 A : : XXX 1X X X X 
PPR1 Parallel Poll Response 1 U ST XXXXXXX1 XXX 11X XX 
PPR2 Parallel Poll Response 2 U ST XXXXXX1X XXX 11% XK X 
PPR3 Parallel Poll Response 3 U ST XXXXX1XX XXX 11X% XK X 
PPR4 Parallel Poll Response 4 (Note 10) U ST X¥XXX1X XK XK XXX 11X XK X 
PPR5 Parallel Poll Response 5 U ST XXX1XXXX XXX 11X XK X 
PPR6 Parallel Poll Response 6 U ST XX1XXXXX XXX 11X XK X 
PPR7 Parallel Poll Response 7 U ST %1XXXXXX XXX 11X XX 
PPR8 Parallel Poll Response 8 U ST 1XXX XK XXX XXX 11K XK X 
PPU Parallel Poll Unconfigure M UC YOO010%10%1 XXX 1X X XX 
REN Remote Enable U UC XXX XXX XX XXKXK XX X X 1 
RFD Ready for Data U HS XXXXXX XX XOX XX X X X 
RQS Request Service (Note 9) U ST X¥1XXXX XX XXX OX X XX 
SCG Secondary Command Group M SE Y11X XXX X XXX 1X XK X X 
SDC Selected Device Clear M AC YO0O000%100 XXX 1X XX X 
SPD Serial Poll Disable M UC YOO1100%14 XXX 1X X X X 
SPE Serial Poll Enable M UC YOO11000 XXX 1X X XK X 
SRQ Service Request U ST XXXXXXX XK XXX XX1XK X 
STB Status Byte (Notes 8,9) M ST SXSSSSSS XXX OX XK XK X 
8 65432 1 
TCT Take Control M AC YOO00100%1 XXX 1X XX X 
TAG Talk Address Group M AD Y10X XX XX XXX 1X XK X X 
UCG Universal Command Group M UC YOO%1XX XX XXX 1X XK XK xX 
UNL Unlisten M AD YO1114%14%14%4 XXX 1X X XX 
UNT Untalk (Note 11) M AD Y101%1%14%1%4 XXX 1X X XK X 
The 1/0 coding on ATN when sent concurrent with multiline messages has been added to this revision for interpre- 


tive convenience. 


8-3 15 AFN-00741D 


intel 8292 


NOTES: 


2. 
3. 
4. 
5. 
6. 


D1-D8 specify the device dependent data bits. 

E1-E8 specify the device dependent code used to indicate the EOS message. 
L1-L5 specify the device dependent bits of the device’s listen address. 
T1-T5 specify the device dependent bits of the device’s talk address. 

S1-S5 specify the device dependent bits of the device’s secondary address. 
S specifies the sense of the PPR. 


Response= S @ ist 


P1-P3 specify the PPR message to be sent when a parallel poll is executed. 


ts 


8. 
9. 


P3 P2 P1 PPR Message 


0 0 0 PPR 


1 41 4 PPR8 

D1-D4 specify don’t-care bits that shall not be decoded by the receiving device. It is recommended that all zeroes 
be sent. 

$1-S6, S8 specify the device dependent status. (DIO7 is used for the RQS message.) 


The source of the message on the ATN line is always the C function, whereas the messages on the DIO and EOI 
lines are enabled by the T function. 


10. The source of the messages on the ATN and EO! lines is always the C function, whereas the source of the 


messages on the DIO lines is always the PP function. 


11. This code is provided for system use, see 6.3. 
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PRELIMINARY 


8293 
GPIB TRANSCEIVER 


a Nine Open-collector or Three-state 
Line Drivers 


= 48 mA Sink Current Capability on 
Each Line Driver 


= Nine Schmitt-type Line Receivers 


= High Capacitance Load Drive 
Capability 


= Single 5V Power Supply 
= 28-Pin Package 
= Low Power HMOS Design 


= On-chip Decoder for Mode 
Configuration 


= Power Up/Power Down Protection to 
Prevent Disrupting the IEEE Bus 


= Connects with the 8291 and 8292 to 
Form an IEEE Standard 488 Interface 
Talker/Listener/Controller with no 
Additional Components 


a Only Two 8293’s Required per GPIB 
Interface 


= On-Chip IEEE-488 Bus Terminations 


The Intel® 8293 GPIB Transceiver is a high current, non-inverting buffer chip designed to interface the 8291 GPIB 
Talker/Listener or the 8292 GPIB Controller with the 8291 to the IEEE Standard 488-1978 Instrumentation Interface 
Bus. Each GPIB interface would contain two 8293 Bus Transceivers. In addition, the 8293 can also be used as a general 


purpose bus driver. 


MICROPROCESSOR SYSTEM BUS 


8291 
GPIB 
TALKER/ 
LISTENER 


DMA 
CONTROLLER | 


(OPTIONAL) | CONTROLLER 


T/R1 


8293 


BUS 
TRANSCEIVERS 


if 


GENERAL PURPOSE INTERFACE BUS 


Figure 1. 8291, 8292, 8293 Block Diagram 
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28 {|_| Vcc 
27 |_| OPTA 
26 |_| OPTB 
25 |_| DATA10 
24] | DATA9 
23 |__| DATA8 
22 |_| BUSS 
21{_ | BUS8 
20{_] GND 
19] | BUS7 
18[ |] BUS6 
17 [_] BUS5 
16, | BUS4 
15] | BUS3 


TIR1 L}1 
TIR2 [J 2 
EOI []3 
ATN (]4 
DATA1 []5 
DATA2 [| 6 
DATA3 (]7 
DATA4 [_] 8 
DATAS L] 9 
DATA6 [_] 10 
DATA7 [_] 11 
BUS1 [_] 12 
BUS2 [] 13 
GND [] 14 


Figure 2. Pin Configuration 


DATA1- 
DATA10 


8293 


Table 1. Pin Description 


| Symbol |Pin No.| Type| Name and Function 


//O | GPIB Lines, GPIB Side: These are 


the IEEE-488 bus interface driver/ 
receivers. Using the mode select 
pins, they can be configured dif- 
ferently to allow direct connections 
between the 8291 GPIB Talker/ 
Listener and the 8292 GPIB Con- 
troller. 


GPIB Lines 8291/92 Side: These 
are the pins to be connected to the 
8291 and 8292 to interface with the 
GPIB bus. Their use is programmed 
by the two mode select pins, OPTA 
and OPTB. All these pins are TTL 
compatible. 


Transmit Receive 1: This pin con- 
trols the direction for NDAC, NRFD, 
DAV, and DIO1-DIO8. Input is TTL 
compatible. 


Transmit Receive 2: This pin con- 
trols the direction for EOI. Input is 
TTL compatible. 


OPTA 27 
OPTB 26 


il bl 


/O 


Table 2. 8293 Mode Selection Pin Mapping 


PRELIMINARY 


End Or Identify: This pin indicates 
the end of a multiple byte transfer or, 
in conjunction with ATN, addresses 
the device during a polling se- 
quence. It connects to the 8291 and 
is switched between transmit and 
receive by T/R2. This pin is TTL 
compatible. 


Attention: This pin is used by the 
8291 to monitor the GPIB ATN con- 
trol line. It specifies how data on the 
DIO lines is to be interpreted. This 
output is TTL compatible. 


Mode Select: These two pins are to 
control the function of the 8293. A 
truth table of how this programs the 
various modes is in Table 2. 


Voltage: Positive power supply (5V 
+ 10%). 


Ground: Circuit ground potential. 


*Note: These pins are the IEEE-488 bus non-inverting driver/receivers. They include all the bus terminations required by the Standard and may be 
connected directly to the GPIB bus connector. 
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PRELIMINARY 


GENERAL DESCRIPTION 


The 8293 is a bidirectional transceiver. It was designed 
to interface the Intel 8291 GPIB Talker/Listener and the 
Intel® 8292 GPIB Controller to the IEEE Standard 
488-1978. Instrumentation Bus (also referred to as the 
GPIB Bus). The Intel GPIB Bus Transceiver meets or ex- 
ceeds all of the electrical specifications defined in the 
IEEE Standard 488-1978, Section 3.3-3.5, including the 
required bus termination specifications. 


The 8293 can be hardware programmed to one of four 
modes of operation. These modes allow the 8293 to be 
configured to support both a Talker/Listener/Controller 
environment and Talker/Listener environment. In addi- 
tion, the 8293 can be used as a general purpose three- 
state (push-pull) or open-collector bus transceiver with 
nine receiver/drivers. Two modes are used to support a 
Talker/Listener environment (see Figure 3), and to sup- 
port a Talker/Listener/Controller environment (see 
Figure 4). Mode 1 is the general purpose mode. 


TO 
PROCESSOR 
BUS 


PROCESSOR 
BUS 


GPIB 


Figure 4. Talker/Listener/Controller Configuration 
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MODE 0 


THREE 
ao STATE ONLY 
Gi 

aie THREE 
— STATE ONLY 
GIO2 SIR TIC 


TIRIO2 


IFC 


REN 


ATN 
OPEN COL 
oss OUTPUT ONLY 
SRQ SIR TIC 
\/ 

THREE 
= STATE ONLY 
EOI SIR TIC 

TIR2 
— OPEN COL ONLY 
NAFD SIR TIC 


OPEN COL ONLY 


TiC 1=THREE STATE 7 
0 = OPEN COLLECTOR _] alias 
SIR 1=SEND TO GPIB b = ov 
0 = RECEIVE FROM GPIB 


* = lEEE-488 BUS NON-INVERTING DRIVER/RECEIVER 


Figure 5. Talker/Listener Control Configuration 


Table 3. Mode 0 Pin Description 


Name and Function 


Transmit Receive 1 Direction control 
for NDAC and NRFD. If T/R1 is high, then 
NDAC* and NRFD* are receiving. Input is 
TTL compatible. 


Not Data Accepted: Processor GPIB 
bus handshake control line; used to in- 
dicate the condition of acceptance of 
data by device(s). It is TTL compatible. 


Not Data Accepted: IEEE GPIB bus 
handshake control line. When an input, 
it is a TTL compatible Schmitt-trigger. 
When an output, it is an open-collector 
driver with 48 mA sinking capability. 


Not Ready For Data: Processor GPIB 
handshake control line; used to indicate 
the condition of readiness of device(s) 
to accept data. This pin is TTL compati- 
ble. 
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8293 PRELIMINARY 


NRFD* 
2 


Table 3. Mode 0 Pin Description (Continued) 


I/O | Not Ready For Data: IEEE GPIB bus 


handshake control line. When an input, 
it is a TTL compatible Schmitt-trigger. 
When an output, it is an open-collector 
driver with a 48 mA current sinking 
capability. 


Transmit Receive 2: Direction control 
for EOI. If T/R2 is high, EOI* is sending. 
Input is TTL compatible. 


End Or Identify: Processor GPIB bus 
control line; is used by a talker to indi- 
cate the end of a multiple byte transfer. 
This pin is TTL compatible. 


End Or Identify: |EEE GPIB bus control 
line; is used by a talker to indicate the 
end of a multiple byte transfer. This pinis 
a three-state (push-pull) driver capable 
of sinking 48 mA and a TTL compatible 
receiver with hysteresis. 


Service Request: Processor GPIB bus 
control line; used by a device to indicate 
the need for service and to request an 
interruption of the current sequence of 
events on the GPIB. It is a TTL compati- 
ble input. 


Service Request: IEEE GPIB bus con- 
trol line; it is an open collector driver 
capable of sinking 48 mA. 


Remote Enable: Processor GPIB bus 
control line; used by acontroller (in con- 
junction with other messages) to select 
between two alternate sources of device 
programming data (remote or local con- 
trol). This output is TTL compatible. 


Remote Enable: IEEE GPIB bus control 
line. This input is a TTL compatible 
Schmitt-trigger. 


Attention: Processor GPIB bus control 
line; used by the 8291 to determine how 
data on the DIO signal lines are to be 
interpreted. This is a TTL compatible 
output. 


Attention: IEEE GPIB bus control line; 
this input is a TTL compatible Schmitt- 
trigger. 


Interface Clear: Processor GPIB bus 
control line; used by a controller to 
place the interface system into a known 
quiescent state. It is a TTL compatible 
output. 


Lnabotlle one Name and Function 
IFC* 12 Interface Clear: IEEE GPIB bus control 
line. This input is a TTL compatible 
Schmitt-trigger. 


Transmit Receive General IO: Direc- 
tion control for the two spare trans- 
ceivers. These pins are TTL compatible. 


General IO: This is the TTL side of the 
two spare transceivers. These pins are 
TTL compatible. 


General 10: These are spare three- 
state (push-pull) drivers/Schmitt-trigger 
receivers. The drivers can sink 48 mA. 


Figure 6. Talker/Listener Data Configuration 
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Transmit Receive 1: Controls the di- 
rection for DAV and the DIO lines. If 
T/R1 is high, then all these lines are 
sending information to the IEEE GPIB 
lines. This input is TTL compatible. 


End Of Sequence And Attention: 
Processor GPIB control lines. These 
two control signals are ANDed to- 
gether to determine whether all the 
transceivers in the 8293 are three- 
state (push-pull) or open-collector. 
When both signals are low (true), 
then the controller is performing a 
parallel poll and the transceivers are 
all open-collector. These inputs are 
TTL compatible. 


Data Valid: Processor GPIB bus 
handshake control line; used to indi- 
cate the condition (availability and 
validity) of information on the DIO 
signals. It is TTL compatible. 


Data Valid: IEEE GPIB bus hand- 
shake control line. When an input, it 
is a TTL compatible Schmitt-trigger. 
When DAV* is an output, it can sink 48 
mA. 


Data Input/Output: Processor GPIB 
bus data lines; used to carry message 
and data bytes in a bit-parallel byte- 
serial form controlled by the three 
handshake signals. These lines are 
TTL compatible. 


Data Input/Output: IEEE GPIB bus 
data lines. They are TTL compatible 
Schmitt-triggers when used for in- 
put and can sink 48 mA when used for 
output. See ATN and EOI descrip- 
tion for output mode. 


8293 
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NOTE: FUNCTION OF ATN TRANSCEIVER 


S/R =LOW 
ATNI = ATN* 
ATN =ATN* 
ATN* = INPUT 
TNO =INPUT 


Figure 7. Talker/Listener/Controller Control 


Configuration 


AFN-00825B 


8293 


PRELIMINARY 


Table 5. Mode 2 Pin Description 


Name and Function 


— —_ 
ba | —_ 


as 
® 


T/R1 Transmit Receive 1: Direction control 
for NDAC and NRFD. If T/R1 is high, then 
NDAC and NRFOD are receiving. Input is 
TTL compatible. 

NDAC 0 | I/O |Not Data Accepted: Processor GPIB 


bus handshake control line; used to in- 
dicate the condition of acceptance of 
data by device(s). This pin is TTL com- 
patible. 


Not Data Accepted: IEEE GPIB bus 
handshake control line. It is a TTL com- 
patible Schmitt-trigger when used for 
input and an open-collector driver witha 
48 mA current sink capability when used 
for output. 


Not Ready For Data: Processor GPIB 
bus handshake control line; used to in- 
dicate the condition of readiness of de- 
vice(s) to accept data. This pin is TTL 
compatible. 


Not Ready For Data: IEEE GPIB bus 
handshake control line. It is a TTL com- 
patible Schmitt-trigger when used for 
input and an open-collector driver with a 
48 mA current sink capability when used 
for output. 


NDAC* 


ok 
jee) 


/O 


/O 


/O 


1) 
< 
oO 


System Controller: Used to monitor the 
system controller switch and control the 
direction for IFC and REN. This pin is a 
TTL compatible input. 


Remote Enable: Processor GPIB con- 
trol line; used by the active controller 
(in conjunction with other messages) 
to select between two alternate sources 
of device programming data (remote or 
local control). This pin is TTL com- 
patible. 


Remote Enable: IEEE GPIB bus control 
line. When used as an input, this isa TTL 
compatible Schmitt-trigger. When an 
output, it is a three-state driver with a 48 
mA current sinking capability. 


/O 


/O 


7 
©) 


/O 


Interface Clear: Processor GPIB bus 
control line; used by the active con- 
troller to place the interface system into 
a known quiescent state. This pin is TTL 
compatible. 


Interface Clear: IEEE GPIB control 
line. This is a TTL compatible Schmitt- 
trigger when used for input and a three- 
state driver capable of sinking 48 mA 
current when used for output. 


/O 


QI a 
fo) Q 


Controller in Charge: Used to control 
the direction of the SRQ and to indicate 
that the 8292 is in charge of the bus. CIC 
is a TTL compatible input. 
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CLTH 21 Clear Latch: Used to clear the IFC Re- 
ceived latch after it has been recognized 
by the 8292. Normally low (except after a 
hardware reset), it will be pulsed low 
when IFC Received is recognized by the 
8292. This input is TTL compatible. 
IFCL 


IFC Received Latch: The 8292 moni- 
tors the IFC line when it is not the active 
controller through this pin. 


Service Request: Processor GPIB con- 
trol line; indicates the need for attention 
and requests the active controller 
to interrupt the current sequence of 
events on the GPIB bus. This pin is TTL 
compatible. 


Service Request: IEEE GPIB bus con- 
trol line. When used as an input, this pin 
is a TTL compatible Schmitt-trigger. 
When used as an output, it is an open- 
collector driver with a 48 mA current 
sinking capability. 


Transmit Receive 2: Controls the di- 
rection for EOI. This input is TTL com- 
patible. 


Attention Out: Processor GPIB bus 
control line; used by the 8292 for ATN 
control of the IEEE bus during “take 
control synchronously”’ operations. A 
low on this input causes ATN to be as- 
serted if CIC indicates that this 8292 is in 
charge. ATNO isa TTL compatible input. 


Attention In: Processor GPIB bus con- 
trol line; used by the 8292 to monitor the 
ATN line. This output is TTL compatible. 


Attention: Processor GPIB bus control 
line; used by the 8292 to monitor the ATN 
line. This output is TTL compatibe. 


Attention: IEEE GPIB bus control line; 
used by a controller to specify how data 
on the DIO signal lines are to be inter- 
preted and which devices must respond 
to data. When used as an output, this pin 
is a three-state driver capable of sinking 
48 mA current. As an input, it is a TTL 
compatible Schmitt-trigger. 


End Or identify 2: Processor GPIB bus 
control line; used in conjunction with 
ATN by the active controller (the 8292) to 
execute a polling sequence. This pin is 
TTL compatible. 


End Or Identify: Processor GPIB bus 
control line; used by a talker to indicate 
the end of a multiple byte transfer se- 
quence. This pin is TTL compatible. 


—F 8 3 
* 
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Table 6. Mode 3 Pin Description 


Name and Function 


Transmit Receive 1: Controls the di- 
rection for DAV and the DIO lines. If 
T/R1 is high, then all these lines are 
sending information to the IEEE GPIB 
lines. This input is TTL compatible. 


by acontroller in conjunction with ATN, 
to execute a polling sequence. When an 
output, this pin can sink 48 mA current. 
When an input, it is a TTL compatible 
Schmitt-trigger. 


End Of Sequence and Attention: 
Processor GPIB control lines. These 
two control lines are ANDed together 
to determine whether all the trans- 
ceivers in the 8293 are push-pull or 
open-collector. When both signals 
are low (true), then the controller is 
performing a parallel poll and the 
transceivers are all open-collector. 
These inputs are TTL compatible. 


15 | I/O | End OrlIdentify: IEEE GPIB bus control 
line; used by a talker to indicate the end 
of a multiple byte transfer sequence or, 


Attention Out: Processor GPIB con- 
trol line; used by the 8292 during 
‘take control synchronously” opera- 
tions. This pin is TTL compatible. 


S/R ao 


Interface Clean Latched: Used to 
make DAV received after the system 
controller asserts IFC. This input is 
TTL compatible. 


Data Valid: Processor GPIB hand- 
shake control line; used to indicate 
the condition (availability and 
validity) of information on the DIO 
signals. This pin is TTL compatible. 


Data Valid: IEEE GPIB handshake 
control line. When an input, this pin is 
a TTL compatible Schmitt-trigger. 
When DAV* is an output, it can sink 48 
mA. 


Data Input/Output: Processor GPIB 
bus data lines; used to carry message 
and data bytes in a bit-parallel byte- 
serial from controlled by the three 
handshake signals. These lines are 
TTL compatible. 


Data Input/Output: IEEE GPIB bus 
data lines. They are TTL compatible 
Schmitt-triggers when used for input 
and can sink 48 mA when used for 
output. 


Figure 8. Talker/Listener/Controller Data 
Configuration 
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TO 
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GPIB TRIGGER OUTPUT 


= GPIB BUS TRANSCEIVER 


Figure 9. 8291 and 8293 System Configuration 


8-324 AFN-00825B 


intel 8293 PRELIMINARY 


TO MICROPROCESSOR 
————_— 


TO 
IEEE-488 
BUS 


TO 
MICROPROCESSOR 


GPIB 
TRIGGER 
OUTPUT 


TO 
IEEE-488 
BUS 


RESET tt 
es 
TCI 
TO SPI 
MICROPROCESSOR 
OBFI 
IBFI 


OSCILLATOR 
OUTPUT SYNC 


15-25 pF 


= © ON SYSTEM 
CONTROLLER 
SWITCH 


*= GPIB BUS TRANSCEIVER 
t = SEE 8041A DATA SHEET FOR ALTERNATE 
CRYSTAL CONFIGURATIONS 
tt =CAN CONNECT TO SYSTEM RESET SWITCH, 
SEE 8041A DATA SHEET 


Figure 10. 8291, 8292, and 8293 System Configuration 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under ‘“‘Absolute 


Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Ambient Temperature Under Bias......... 0°C to 70°C tion of the device at these or any other conditions above 
Storage Temperature............. — 65°C to + 150°C those indicated in the operational sections of this specifi- 
Voltage on any Pin with cation is not implied. Exposure to absolute maximum 

Respect to Ground................. —1.0V to +7V rating conditions for extended periods may affect device 
POWR! DIGHIOBNON ss ssec neki es esas tentee bans 1 Watt reliability. 


D.C. CHARACTERISTICS (Ty = 0°C to 70°C, Voc = 5.0V +10%, GND = OV) 


Parameter Limits 
| Min. | Typ. 
—0.1 


Test Conditions 


Output Low Voltage (GPIB Bus Pins) 


ee 

=01 | 

aan pee 

/ 20 | | hee 

45 || ee 

20 | ee 

ae eel | ton=48mA 
| Vorr | Output Low Voltage (All Others) || 

24 

24 | 

| 400 | 600 

| 08 | 1.0 

as 

/-32 | | 

oe 

na 


lop = 48 mA 

lol =16 mA 

lon= —5.2 mA 

lon = —800 pA 
m Vit = 0.8V 


A 0.4V <Vin =<Vec 
uA OV.< Veus = 2.7V 


Output High Voltage (GPIB Bus Pins) 
Output High Voltage (All Others) 
Receiver Input Hysteresis 


VoL2 
High to Low 
Receiver Input Threshold Low to High 
WL 
loc 


mV 

V V 
Low Input Load Current (GPIB Bus Pins) —3.2 A 
Po Input Leakage Current (All Others) 


.= 


| pp Bus Power Down Leakage Current 
Power Supply Current 


= 


CAPACITANCE 


Symbot[ Parameter =| ms 
cor | Wo Capacitance (@PIB Side) | 


8-326 AFN-00825B 


intel 8293 ADVANCE INFORMATION 


A.C. CHARACTERISTICS (Ty = 0°C to 70°C, Voc = 5.0V +10%, GND = OV) 


Parameter 


“Typical @ Ts = 25°C. 


Typ.* 
15 
25 


8-327 


AFN-00825B 


intal 


TYPICAL OUTPUT LOADING CIRCUITS 


TO SCOPE 
(OUTPUT) +2.3V 


38.32 


BUS 


30 pF 


; 


C_ INCLUDES JIG AND PROBE CAPACITANCE 


Data Input to Bus Output (Driver) 


TO SCOPE 
(OUTPUT) 1.1V 


13.52 


BUS (tpLz1, tpzi1) 


(tpHz1, tpzH1) 


CL | 15 pF 4802 


C_ INCLUDES JIG AND PROBE CAPACITANCE 


Send/Receive Input to Bus Output (Driver) 


PRELIMINARY 


TO SCOPE 
(OUTPUT) +5.0V 


2402 
DATA 
IN916 
OR EQUIV. 
CL 30 pF 


C, INCLUDES JIG AND PROBE CAPACITANCE 


Bus Input to Data Output (Receiver) 


TO SCOPE 
(OUTPUT) 5.0V 
2802 
DATA (tpLz2. tpz2) 


(tpHz2, tpzH2) 


C_ INCLUDES JIG AND PROBE CAPACITANCE 


Send/Receive Input to Data Output (Receiver) 
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WAVEFORMS 


trise = tFaLL < 5 ns 
DUTY CYCLE =50% 
1.5V 
OV 


.OV 
OUTPUT 
(TRANSMITTER PROP. DELAY) 
FIGURE 11 LOAD 
1.5V 


tpy 


— 


OUTPUT 
(RECEIVER PROP. DELAY) 
FIGURE 12 LOAD 


— >| tpzH1 |< 


OUTPUT 
(TRANSMITTER ENABLE DELAY 1.5V 
WITH INPUT HIGH) 


FIGURE 13 LOAD 
— 
OUTPUT 
(TRANSMITTER ENABLE DELAY 
WITH INPUT LOW) 
FIGURE 13 LOAD 


1.5V 


— >| tpzH2 | <+— 
OUTPUT 
(RECEIVER ENABLE DELAY 
WITH INPUT HIGH) 90% 
FIGURE 14 LOAD 


— >| tpzL2 
OUTPUT 
(RECEIVER ENABLE DELAY 10% 
WITH INPUT LOW) ° 


FIGURE 14 LOAD 


*DELAYS ARE REFERENCED AGAINST PERCENTAGE OF FINAL OUTPUT WHEREVER 3-STATE OUTPUTS ARE INVOLVED BECAUSE THE RISE AND FALL TIMES DEPEND 
ON THE EXTERNAL PULL-UP AND PULL-DOWN LOADS. 


Ipus, BUS CURRENT (mA) 
Vo, OUTPUT VOLTAGE (VOLTS) 


Veaus, BUS VOLTAGE (VOLTS) V,, INPUT VOLTAGE (VOLTS) 


Typical Bus Load Line Typical Receiver Hysteresis Characteristics 
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a Certified by National Bureau of ws 7-Bit User Output Port 
Standards 


8294 
DATA ENCRYPTION UNIT 


a Single 5V + 10% Power Supply 
a 80 Byte/Sec Data Conversion Rate 
a Peripheral to MCS-86™, MCS-85™, 


| ae Data Encryption Using 56-Bit MCS-80™ and MCS-48™ Processors 
ey 
a DMA Interface s Implements Federal Information 


Processing Data Encryption Standard 


a 3 Interrupt Outputs to Aid in Loading 
and Unloading Data es Encrypt and Decrypt Modes Available 


The Intel® 8294 Data Encryption Unit (DEU) is a microprocessor peripheral device designed to encrypt and decrypt 
64-bit blocks of data using the algorithm specified in the Federal Information Processing Data Encryption Standard. 
The DEU operates on 64-bit text words using a 56-bit user-specified key to produce 64-bit cipher words. The operation 
is reversible: if the cipher word is operated upon, the original text word is produced. The algorithm itself is perma- 
nently contained in the 8294; however, the 56-bit key is user-defined and may be changed at any time. 


The 56-bit key and 64-bit message data are transferred to and from the 8294 in 8-bit bytes by way of the system data 
bus. A DMA interface and three interrupt outputs are available to minimize software overhead associated with data 
transfer. Also, by using the DMA interface two or more DEUs may be operated in parallel to achieve effective system 
conversion rates which are virtually any multiple of 80 bytes/second. The 8294 also has a 7-bit TTL compatible output 
port for user-specified functions. 


Because the 8294 implements the NBS encryption algorithm it can be used in a variety of Electronic Funds Transfer 
applications as well as other electronic banking and data handling applications where data must be encrypted. 


KEY 
BUFFER 
STORAGE 


DATA 
BUS 


MESSAGE 
STORAGE 


(__) ALGORITHM 
TABLE 
7-BIT 
—_— OUTPUT om Po-Ps 
ff PORT 


ae, DMA DRQ 
: LOGIC DACK 
TIMING 


INTERNAL 
p — 
OWER BUS 


Figure 1. Block Diagram Figure 2. Pin Configuration 


8-330 


8294 


Table 1. Pin Description 


Symbol i ioe Name and Function 


[nc[ 1] [NoGonmection 


Crystal: Inputs for crystal, L-C or exter- 
nal timing signal to determine internal 
oscillator frequency. 


RESET Reset: A low signal to this pin resets 
the 8294. 

NC No Connection: No connection or tied 
high. 

cs Chip Select: A low signal to this pin 
enables reading and writing to the 8294. 
Ground: This pin must be tied to 

ground. 


Read: An active low read strobe at this 
pin enables the CPU to read data and 
status from the internal DEU registers. 


Address: Address input used by the 
CPU to select DEU registers during read 
and write operations. 


Write: An active low write strobe at this 
pin enables the CPU to send data and 
commands to the DEU. 


Sync: High frequency (Clock + 15) out- 
put. Can be used as a strobe for external 
Circuitry. 


Data Bus: Three-state, bi-directional 
data bus lines used to transfer data be- 
tween the CPU and the 8294. 


Ground: This pin must be tied to 
ground. 

Vec Power: +5 volt power input: +5V + 
10%. 
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Name and Function 


mo] 
@ 


No Connection. 


38 DMA Acknowledge: Input signal from 
the 8257 DMA Controller acknowledg- 
ing that the requested DMA cycle has 


been granted. 


DMA Request: Output signal to the 
8257 DMA Controller requesting a DMA 
cycle. 


Service Request: Interrupt to the CPU 
indicating that the 8294 is awaiting data 
or commands at the input buffer. 
SRQ=1 implies IBF=0. 


Output Available: Interrupt to the CPU 
indicating that the 8294 has data or 
status available in its output buffer. 
OAV=1 implies OBF=1. 


No Connection. 


Output Port: User output port lines. 
Output lines available to the user via a 
CPU command which can assert sel- 
ected port lines. These lines have no- 
thing to do with the encryption function. 
At power-on, each line is in a 1 state. 


Power: +5V power input. (+5V +10%) 
Low power standby pin. 


Power: Tied high. 


Conversion Complete: Interrupt to the 
CPU indicating that the encryption/ 
decryption of an 8-byte block is com- 


No Connection. 


‘ 
@) 


= 
@) 
ial 
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FUNCTIONAL DESCRIPTION 
OPERATION 
The data conversion sequence is as follows: 


1. A Set Mode command is given, enabling the desired 
interrupt outputs. 

2. An Enter New Key command is issued, followed by 8 
data inputs which are retained by the DEU for encryp- 
tion/decryption. Each byte must have odd parity. 

3. An Encrypt Data or Decrypt Data command sets the 
DEU in the desired mode. 


After this, data conversions are made by writing 8 data 
bytes and then reading back 8 converted data bytes. Any 
of the above commands may be issued between data 
conversions to change the basic operation of the DEU: 
e.g., a Decrypt Data command could be issued to 
change the DEU from encrypt mode to decrypt mode 
without changing either the key or the interrupt outputs 
enabled. 


INTERNAL DEU REGISTERS 


Four internal registers are addressable by the master 
processor: 2 for input, and 2 for output. The following 
table describes how these registers are accessed. 

RD WR CS-~ Ay Register 
Data input buffer 
Data output buffer 
Command input buffer 
Status output buffer 
Don’t care 


<x~-- 0 Oo 


0 
0 
0 
0 
, 


xo--o- 
<x~- oOo-+ Oo 


The functions of each of these registers are described 
below. 


Data Input Buffer — Data written to this register is inter- 
preted in one of three ways, depending on the preceding 
command sequence. 

1. Part of a key. 

2. Data to be encrypted or decrypted. 

3. A DMA block count. 


Data Output Buffer — Data read from this register is the 
output of the encryption/decryption operation. 


Command Input Buffer — Commands to the DEU are 
written into this register. (See command summary 
below.) 


Status Output Buffer — DEU status is available in this 
register at all times. It is used by the processor for poll- 
driven command and data transfer operations. 


STATUS BIT: 7 6 5 4 3 2 1 0 
FUNCTION: X -W® % KPE CF DEC IBF OBF 


OBF Output Buffer Full; OBF = 1 indicates that output 
from the encryption/decryption function is 
available in the Data Output Buffer. It is reset 
when the data is read. 
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IBF Input Buffer Full; A write to the Data Input Buffer 
or to the Command Input Buffer sets IBF = 1. The 
DEU resets this flag when it has accepted the 
input byte. Nothing should be written when 
IBF=1. 


DEC Decrypt; indicates whether the DEU is in an en- 
crypt or a decrypt mode. DEC=1 implies the 
decrypt mode. DEC=0 implies the encrypt 
mode. 


CF Completion Flag; This flag may be used to indi- 
cate any or all of three events in the data transfer 
protocol. 


1. It may be used in lieu of a counter in the 
processor routine to flag the end of an 8- 
byte transfer. 

2. It must be used to indicate the validity of 
the KPE flag. 

3. It may be used in lieu of the CCMP interrupt 
to indicate the completion of a DMA oper- 
ation. 


KPE Key Parity Error; After a new key has been 
entered, the DEU uses this flag in conjunction 
with the CF flag to indicate correct or incorrect 
parity. 


COMMAND SUMMARY 
1 — Enter New Key 


MSB LSB 


OP CODE: 


This command is followed by 8 data byte inputs which 
are retained in the key buffer (RAM) to be used in 
encrypting and decrypting data. These data bytes must 
have odd parity represented by the LSB. 


2 — Encrypt Data 


ofo}s}sfofojojo 


MSB LSB 


OP CODE: 


This command puts the 8294 into the encrypt mode. 


3 — Decrypt Data 


ofofsfojojo}ojo 


MSB LSB 


OP CODE: 


This command puts the 8294 into the decrypt mode. 


4 — Set Mode 
OP CODE: 


ojojojojalaiclo| 


MSB LSB 


where: 


A is the OAV (Output Available) interrupt enable 
B is the SRQ (Service Request) interrupt enable 
C is the DMA (Direct Memory Access) transfer enable 
D is the CCMP (Conversion Complete) interrupt enable 
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This command determines which interrupt outputs will 
be enabled. A ‘‘1” in bits A, B, or D will enable the OAV, 
SRQ, or CCMP interrupts respectively. A “1” in bit C will 
allow DMA transfers. When bit C is set the OAV and 
SRQ interrupts should also be enabled (bits A,B= 1). 
Following the command in which bit C, the DMA bit, is 
set, the 8294 will expect one data byte to specify the 
number: of 8-byte blocks. to be converted using DMA. 


5 — Write to Output Port 


[1] P6 [Ps [Pa] Pa] P| Py | Po 


MSB LSB 


OP CODE: 


This command causes the 7 least significant bits of the 
command byte to be latched as output data on the 8294 
output port. The initial output data is 1111111. Use of 
this port is independent of the encryption/decryption 
function. 


PROCESSOR/DEU INTERFACE PROTOCOL 
ENTERING A NEW KEY 


The timing sequence for entering a new key is shown in 
Figure 3. A flowchart showing the CPU software to 
accommodate this sequence is given in Figure 4. 


= LILI LJ Lb 
(IF ENABLED) _ 

IBF | | | | | | | | 

eS Cerone: A ee 

KPE INVALID X VALID 


WR | | | [kev | key | [key 
DATA DATA DATA 


KEY 8 
COMMAND 


Figure 3. Entering a New Key 
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After the Enter New Key command is issued, 8 data 
bytes representing the new key are written to the data 
input buffer (most significant byte first). After the eighth 
byte is accepted by the DEU, CF goes true (CF = 1). The 
CF bit goes false again when KPE is valid. The CPU can 
then check the KPE flag. If KPE=1, a parity error has 
been detected and the DEU has not accepted the key. 
Each byte is checked for odd parity, where the parity bit 
is the LSB of each byte. 


Since the CF bit is used in this protocol to indicate the 
validity of the KPE flag, it may not be used to flag the 
end of the 8 byte key entry. CF = 1 only as long as KPE is 
invalid. Therefore, the CPU might not detect that CF =1 
and the key entry is complete before KPE becomes 
valid. Thus, a counter should be used, as in Figure 4, to 
flag the end of the new key entry. Then, CF is used to 
indicate a valid KPE flag. 


Figure 4. Flowchart for Entering a New Key 
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ENCRYPTING OR DECRYPTING DATA USING SOFTWARE COUNTER 


Figure 5 shows the timing sequence for encrypting or 
decrypting data. The CPU writes 8 data bytes to the 
DEU’s data input buffer for encryption/decryption. CF 
then goes true (CF=1) to indicate that the DEU has 
accepted the 8-byte block. Thus, the CPU may test for 
IBF =0 and CF= Tt to terminate the input mode, or it 
may use a software counter. When the encryption/- 
decryption is complete, the CCMP and OAV interrupts 
are asserted and the OBF flag is set true (OBF = 1). OAV 
and OBF are set false again after each of the converted 
data bytes is read back by the CPU. The CCMP interrupt 
is set false, and remains false, after the first read. After 
8 bytes have been read back by the CPU, CF goes false 
(CF =0). Thus, the CPU may test for CF = 0 to terminate 
the read mode. Also, the CCMP interrupt may be used to 
initiate a service routine which performs the next series 
of 8 data reads and 8 data writes. 


USING CF FLAG 


———————_—_—_—_—_————F 
8 DATA WRITES 100 ms — MAXIMUM 8 DATA READS 


IBF =0? 


YES 


Figure 5. Encrypting/Decrypting Data 


Figure 6 offers two flowcharts outlining the alternative 
means of implementing the data conversion protocol. 


Either the CF flag or a software counter may be used to 
end the read and write modes. 


SRQ=1 implies IBF =0, OAV=1 implies OBF = 1. This 
allows interrupt routines to do data transfers without 
checking status first. However, the OAV service routine 
must detect and flag the end of a data conversion. Figure 6. Data Conversion Flowcharts 
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USING DMA 


The timing sequence for data conversions using DMA is 
shown in Figure 7. This sequence can be better 
understood when considered in conjunction with the 
hardware DMA interface in Figure 8. Note that the use of 
the DMA feature requires 3 external AND gates and 2 
DMA channels (one for input, one for output). Since the 
DEU has only one DMA request pin, the SRQ and OAV 
outputs are used in conjunction with two of the AND 
gates to create separate DMA request outputs for the 2 
DMA channels. The third AND gate combines the two 


active-low DACK inputs. 


SET DMA 
DMA BLOCK 
MODE COUNT (n) 


— 
8 DMA READS 8 DMA WRITES 


REPEATED n TIMES 


Figure 8. DMA Interface 
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To initiate a DMA transfer, the CPU must first initialize 
the two DMA channels as shown in the flowchart in 
Figure 9. It must then issue a Set Mode command to the 
DEU enabling the OAV, SRQ, and DMA outputs. The 
CCMP interrupt may be enabled or disabled, depending 
on whether that output is desired. Following the Set 
Mode command, there must be a data byte giving the 
number of 8-byte blocks of data (n<256) to be converted. 
The DEU then generates the required number of DMA 
requests to the 2 DMA channels with no further CPU 
intervention. When the requested number of blocks 
has been converted, the DEU will set CF and assert the 
CCMP interrupt (if enabled). CCMP then goes false 
again with the next write to the DEU (command or data). 
Upon completion of the conversion, the DMA mode is 
disabled and the DEU returns to the encrypt/decrypt 
mode. The enabled interrupt outputs, however, will 
remain enabled until another Set Mode command is 
issued. 


USING DMA 


INITIALIZE DMA READ CHANNEL POINTER 
INITIALIZE DMA WRITE CHANNEL POINTER 
ENABLE DMA CHANNELS 


"Com 


YES 


YES 
DATA REGISTER «— NUMBER OF BLOCKS TO BE CODED 


“Gu 


Ss 


Figure 9. DMA Flowchart 


SINGLE BYTE COMMANDS 


Figure 10 shows the timing and protocol for single byte 
commands. Note that any of the commands is effective 
as a pacify command in that they may be entered at any 
time, except during a DMA conversion. The DEU is thus 
set to a known state. However, if a command is issued 
out of sequence, an additional protocol is required 
(Figure 11). The CPU must wait until the command is 
accepted (IBF = 0). A data read must then be issued to 
clear anything the preceding command sequence may 
have left in the Data Output Buffer. 
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CPUIDEU INTERFACES 


Figures 12 through 15 illustrate four interface configura- 
tions used in the CPUJDEU data transfers. In all cases 
SRQ will be true (#-enabted) and IBE will be:false when 
the DEU-is-ready to atcept data or commands. 


INTERFACE TO 8086, 8088, 
8080, 8085, 8048, OR 
OTHER PROCESSOR 


Figure 12. Polling Interface 


MASTER 
PROCESSOR 
INTERFACE 


Figure 10. Single Byte Commands 


PACIFY 
IBF =0? 
YES 
COMMAND REGISTER <— 00H 


Figure 13. Single Interrupt Interface 


MASTER 
PROCESSOR 
INTERFACE 


READ DATA REGISTER 


Figure 11. Pacify Protocol Figure 14. Dual Interrupt Interface 
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DMARO IS FOR MEMORY TO DEU DATA TRANSFER 
DMAR1 IS FOR DEU TO MEMORY DATA TRANSFER 
USE OF CCMP IS OPTIONAL 


Figure 15. DMA Interface 


OSCILLATOR AND TIMING CIRCUITS 


The 8294’s internal timing generation is controlled by a 
self-contained oscillator and timing circuit. A choice of 
crystal, L-C or external clock can be used to derive the 
basic oscillator frequency. 


The resident timing circuit consists of an oscillator, a 
state counter and acycle counter as illustrated in Figure 
16. 


6 MHz 
OSCILLATOR 


+3 +5 SYNC 


STATE CYCLE OUTPUT 


COUNTER COUNTER (2.5 psec) 


Figure 16. Oscillator Configuration 


OSCILLATOR 


The on-board oscillator is a series resonant circuit with 
a frequency range of 1 to 6 MHz. Pins X1 and X2 are 
input and output (respectively) of a high gain amplifier 
stage. A crystal or inductor and capacitator connected 
between X1 and X2 provide the feedback and proper 
phase shift for oscillation. Recommended connections 
for crystal or L-C are shown in Figure 17. 
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< 15 pF 
(INCLUDES XTAL, 
SOCKET, STRAY) 


= 

15-25 pF 
(INCLUDES 

SOCKET, L 


STRAY) 


Figure 17. Recommended Crystal 
and L-C Connections 


A recommended range of inductance and capacitance 
combinations is given below: 


L=120uH corresponds to 3MHz 
L= 45yuH corresponds to 5MHz 


An external clock signal can also be used as a frequency 
reference to the 8294; however, the levels are not com- 
patible. The signal must be in the 1MHz-6MHz fre- 
quency range and must be connected to pins X1 and X2 
by buffers with a suitable pull-up resistor to guarantee 
that a logic “1” is above 3.8 volts. The recommended 
connection is shown in Figure 18. 
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STANDARD TTL OR 
OPEN COLLECTOR 


Figure 18. Recommended Connection for External Clock Signal 


ABSOLUTE MAXIMUM RATINGS* ‘NOTICE: Stresses above those listed under “Absolute 

Maximum Ratings”’ may cause permanent damage to the 
Ambient Temperature Under Bias ........ 0°C to 70°C device. This is a stress rating only and functional opera- 
Storage Temperature ............ ~ 65°C to + 150°C tion of the device at these or any other conditions above 


those indicated in the operational sections of this specifi- 


oo hae) Saal _0.5V to +7V cation is not implied. Exposure to absolute maximum 
p egies ald rating conditions for extended periods may affect device 
POWS! DISSIOGUON ..00csedecsvanenevesends 1.5 Watt reliability. 


D.C. AND OPERATING CHARACTERISTICS (1, = 0°C to 70°C, Voc = +5V + 10%, Vsg = OV) 


Test Conditions 
Input Low Voltage (All 
Except Xj, Xo, RESET) 


Vind Input Low Voltage (X4, Xo, 


ve | eee 
Vin Input High Voltage (All 2.2 Voc 
Except X41, X2, RESET) 
Vind Input High Voltage (X4, Xo, 3.8 
RESET) 


Output Low Voltage (Dp-D7) | 
Vou Output Low Voltage (All 
Other Outputs) 
| Von | Output High Voltage (Do- D7) 


Vout Output High Voltage (All 2.4 
Other Outputs) 


lo. = 2.0mMA 


0.45 lo. = 1.6mA 


[ons — 400} 
V 


lou = —50yA 


Vss < Vin < Voc 


+10 Veo +046 = Vauy = Veo 


Input Leakage Current 


(RD, WR, CS, Ag) 
| Output Leakage Current 
(Do- D7, High Z State) 
ln0+ loc 


Low Input Load Current . 
(Pins 24, 27-38) 
eel 


VoH 
Ne 
loz 
lu 
loi Low Input Load Current 
(RESET) 
Input High Leakage Current 
(Pins 24, 27-38) 
Input Capacitance 
I/O Capacitance 
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A.C. CHARACTERISTICS (1, = 0°C to 70°C, Vec = Vpp = +5V + 10%, Vsg = OV) 


DBB READ 


Min 
toa | OS ApSetup toRBT | io 
tna | CS, AgHoWd AfterRDT | O 
tna [AB Pulsewieth «|S 
[tno | CS AptoDataOutDeay | 
[tao [FB tto Data OutDelay [| 
[tor [FBT to Data Float Delay | 
[25 
Min 
Co 
3 
ao | 
750 
a 


Cycle Time 


DBB WRITE 


[_Symbol[ Parameter 


DMA AND INTERRUPT TIMING 


[Symbol | Parameter 


A.C. TESTING INPUT, OUTPUT WAVEFORM 


INPUT/OUTPUT 


2.0 2.0 


TEST POINTS 4 


0.8 0.8 
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WAVEFORMS 


(SYSTEM’S 
ADDRESS BUS) 


(READ CONTROL) 


¢ |-—— DATA VALID ie. 


WRITE OPERATION—INPUT BUFFER REGISTER 


(SYSTEM’S 
ADDRESS BUS) 


(WRITE CONTROL) 


DATA BUS DATA DATA 
(INPUT) MAY CHANGE MAY CHANGE 


DMA AND INTERRUPT TIMING 


DATA BUS 


OAV SRQ 
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= Interfaces Dot Matrix Printers to 
MCS-48™, MCS-80/85™, MCS-86™ 


Systems 


= 40 Character Buffer On Chip 


= Serial or Parallel Communication with 


Host 


a DMA Transfer Capability 


= Programmable Character Density (10 or 
12 Chararcters/Inch) 


8295 


DOT MATRIX PRINTER CONTROLLER 


a Programmable Print Intensity 

= Single or Double Width Printing 

a Programmable Multiple Line Feeds 
= 3 Tabulations 


= 2 General Purpose Outputs 


The Intel® 8295 Dot Matrix Printer Controller provides an interface for microprocessors to the LRC 7040 Series dot 
matrix impact printers. It may also be used as an interface to other similar printers. 


The chip may be used in a serial or parallel communication mode with the host processor. In parallel mode, data 
transfers are based on polling, interrupts, or DMA. Furthermore, it provides internal buffering of up to 40 characters 
and contains a 7x 7 matrix character generator accommodating 64 ASCII characters. 


DACKISIN 
DRQICTS 
RESET 
IRQISER 


SYNC 
XTAL1 
XTAL2 


TIMING 


INTERNAL 
BUS 


CHARACTER 
BUFFER 


PRINTER 
INTERFACE 


CHARACTER 
GENERATOR 
OUTPUT 
BUFFERS 


Figure 1. Block Diagram 


Figure 2. Pin Configuration 
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Table 1. Pin Description 


sya |e Name and Function 
ial Paper Feed: Paper feed input 
switch. 


Crystal: Inputs for a crystal to set in- 
ternal oscillator frequency. For 
proper operation use 6 MHz crystal. 


Reset: Reset input, active low. After 
reset the 8295 will be set for 12 char- 
acters/inch single width printing, 
solenoid strobe at 320 msec. 


No Connection: No connection or 
tied high. 


Read: Read input which enables the 
master CPU to read data and status. 
In the serial mode this pin must be 
tied to Voc. 


Power: +5 volt power input: +5V + 
10%. 


Write: Write input which enables the 
master CPU to write data and com- 
mands to the 8295. In the serial mode 
this pin must be tied to Vss. 


Data Bus: Three-state bidirectional 
data bus buffer lines used to interface 
the 8295 to the host processor in the 
parallel mode. In the serial mode 
D o—Dpz sets up the baud rate. 


Ground: This pin must be tied to 
ground. 


: +5 volt power input: +5 + 
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Name and Function 


walald 


_ vc 


- i 
- ie 


Home: Home input switch, used by 
the 8295 to detect that the print head 
is in the home position. 


DMA Acknowledge/Serial Input: In 
the parallel mode used as DMA ac- 
knowledgment; in the serial mode, 
used as input for data. 


DMA Request/Clear to Send: In the 
parallel mode used as DMA request 
output pin to indicate to the 8257 that 
a DMA transfer is requested; in the 
serial mode used as clear-to-send 
signal. 


Interrupt Request/Serial Mode: In 
parallel mode it is an interrupt re- 
quest input to the master CPU; in 
serial mode it should be strapped to 


Solenoid Strobe: Solenoid strobe 
output. Used to determine duration of 
solenoids activation. 


Solenoid: Solenoid drive outputs; 
active low. 


Power: +5V power input (+5V + 
10%). Low power standby pin. 


Power: Tied high. 


General Purpose: General purpose 
output pins. 


Top of Form: Top of form input, used 
to sense top of form signal for type T 
printer. 


Paper Feed Motor Drive: Paper 
feed motor drive, active low. 
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FUNCTIONAL DESCRIPTION 


The 8295 interfaces microcomputers to the LRC 7040 
Series dot matrix impact printers, and to other similar 
printers. It provides internal buffering of up to 40 char- 
acters. Printing begins automatically when the buffer is 
full or when a carriage return character is received. It 
provides a modified 7x7 matrix character generator. The 
character set includes 64 ASCII characters. 


COMMAND SUMMARY 


Hex Code Description 

00 Set GP1. This command brings the GP1 pin 
to a logic high state. After power on it is 
automatically set high. 

01 Set GP2. Same as the above but for GP2. 

02 Clear GP1. Sets GP1 pin to logic low state, 
inverse of command 00. 

03 Clear GP2. Same as above but for GP2. In- 
verse command 01. 

04 Software Reset. This is a pacify command. 
This command is not effective immediately 
after commands requiring a parameter, as 
the Reset command will be interpreted as a 
parameter. 

05 Print 10 characters/in. density. 

06 Print 12 characters/in. density. 

07 Print double width characters. This com- 
mand prints characters at twice the normal 
width, that is, at either 17 or 20 characters 
per line. 

08 Enable DMA mode; must be followed by 


two bytes specifying the number of data 
characters to be fetched. Least significant 
byte accepted first. 


PROGRAMMABLE PRINTING OPTIONS 
CHARACTER DENSITY 


The character density is programmable at 10 or 12 char- 
acters/inch (32 or 40 characters/line). The 8295 is auto- 
matically set to 12 characters/inch at power-up. Invoking 
the Print Double-Width command halves the character 
density (5 or 6 characters/inch). The 10 char/in or 12 
char/in command must be re-issued to cancel the 
Double-Width mode. Different character density modes 
may not be mixed within a single line of printing. 


PRINT INTENSITY 


The intensity of the printed characters is determined by 
the amount of time during which the solenoid is on. This 
on-time is programmable via the Set Strobe-Width com- 
mand. A byte following this command sets the solenoid 
on-time according to Table 2. Note that only the three 
least significant bits of this byte are important. 
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Communication between the 8295 and the host proc: 
essor can be implemented in either a serial or parallel 
mode. The parallel mode allows for character transfers 
into the buffer via DMA cycles. The serial mode features 
selectable data rates from 110 to 4800 baud. 


The 8295 also offers two general purpose output pins 
which can be set or cleared by the host processor. They 
can be used with various printers to implement such 
functions as ribbon color selection, enabling form 
release solenoid, and reverse document feed. 


Hex Code Description 

09 Tab character. 

OA Line feed. 

OB Multiple Line Feed; must be followed by a 
byte specifying the number of line feeds. 

0C Top of Form. Enables the line feed output 
until the Top of Form input is activated. 

OD Carriage Return. Signifies end of a line and 
enables the printer to start printing. 

OE Set Tab #1, followed by tab position byte. 

OF Set Tab #2, followed by tab position byte. 
Should be greater than Tab #1. 

10 Set Tab #3, followed by tab position byte. 
Should be greater than Tab #2. 

11 Print Head Home on Right. On some 


printers the print head home position is on 
the right. This command would enable nor- 
mal left to right printing with such printers. 


12 Set Strobe Width; must be followed by 
strobe width selection byte. This command 
adjusts the duration of the strobe activa- 
tion. 


Table 2. Solenoid On-Time 


sit at a OO SC CO 
ak COO oa ai CO 
~aOoOoaAano4= 0480 


X 
X 
Xx 
X 
X 
X 
X 
X 


TABULATIONS 


Up to three tabulation positions may be specified with 
the 8295. The column position of each tabulation is 
selected by issuing the Set Tab commands, each fol- 
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lowed by a byte specifying the column. The tab posi- 


tions will then remain valid until new Set Tab commands 
are issued. 


Sending a tab character (09H) will automatically fill the 
character buffer with blanks up to the next tab position. 
The character sent immediately after the tab character 
will thus be stored and printed at that position. 


CPU TO 8295 INTERFACE 


Communication between the CPU and the 8295 may 
take place in either a serial or parallel mode. However, 
the selection of modes is inherent in the system hard- 
ware; it is not software programmable. Thus, the two 
modes cannot be mixed in a single 8295 application. 


PARALLEL INTERFACE 


Two internal registers on the 8295 are addressable by 
the CPU: one for input, one for output. The following 
table describes how these registers are accessed. 


RD WR CS Register 
1 0 0 Input Data Register 
0 1 0 Output Status Register 


Input Data Register—Data written to this register is 
interpreted in one of two ways, depending on how the 
data is coded. 


1. A command to be executed (OXH or 1XH). 

2. A character to be stored in the character buffer for 
printing (2XH, 3XH, 4XH, or 5XH). See the character 
set, Table 2. 


Output Status Register—8295 status is available in this 
register at all times. 


STATUS BIT: 7 6 5 4 3 2 1 
FUNCTION: Xx x PA DE 


PA—Parameter Required; PA=1 indicates that a com: 
mand requiring a parameter has been received. After the 
necessary parameters have been received by the 8295, 
the PA flag is cleared. 


DE—DMA Enabled; DE= 1 whenever the 8295 is in DMA 
mode. Upon completion of the required DMA transfers, 
the DE flag is cleared. 


IBF—Input Buffer Full; IBF = 1 whenever data is written 
to the Input Data Register. No data should be written to 
the 8295 when IBF = 1. 


A flow chart describing communication with the 8295 is 
shown in Figure 3. 


The interrupt request output (IRQ, Pin 36) is available on 
the 8295 for interrupt driven systems. This output is 
asserted true whenever the 8295 is ready to receive data. 


To improve bus efficiency and CPU overhead, data may 
be transferred from main memory to the 8295 via DMA 
cycles. Sending the Enable DMA command (08h) acti- 
vates the DMA channel of the 8295. This command must 
be followed by two bytes specifying the length of the 
data string to be transferred (least significant byte first). 
The 8295 will then assert the required DMA requests to 
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the 8257 DMA controller without further CPU interven- 
tion. Figure 4 shows a block diagram of the 8295 in DMA 
mode. 


READ 8295 
STATUS 


WRITE TO 8295 
A0=0 
8295 STATUS 
IBF =1 


Figure 3. Host to 8295 Protocol Flowchart 


8257 
DMA 
CONTROLLER 


DACKx 
DRQx 


OPTIONAL 


/ 


” 
= 
f+) 
= 
WW 
= 
” 
> 
” 


MOTOR 
DRIVERS 
SOLENOID 
DIITERS nab PRINTER 


Figure 4. Parallel System Interface 


Data transferred in the DMA mode may be either com- 
mands or characters or a mixture of both. The procedure 
is as follows: 


1. Set up the 8257 DMA controller channel by sending a 
starting address and a block length. 

2. Set up the 8295 by issuing the “Enable DMA” com- 
mand (08H) followed by two bytes specifying the 
block length (least significant byte first). 


The DMA enabled flag (DE) will be true until the 
assigned data transfer is completed. Upon completion 
of the transfer, the flag is cleared and the interrupt re- 
quest (IRQ) signal is asserted. The 8295 then returns to 
the non-DMA mode of operation. 
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SERIAL INTERFACE 


The 8295 may be hardware programmed to operate in 
a serial mode of communication. By connecting the 
IRQ/SER pin (pin 36) to logic zero, the serial mode is 
enabled immediately upon power-up. The serial Baud 
rate is also hardware programmable; by strapping pins 
14, 13, and 12 according to Table 3, the rate is selected. 
CS, RD, and WR must be strapped as shown in Figure 5. 


Table 3. Serial Baud Rate 


[Finta [ Pinte | Pint@ | Baud Rate 


0 
0 
0 
0 
1 
1 
1 
, 


-"-==-00+--=00 
=- Of} 00-0 


The serial data format is shown in Figure 5. The CPU 
should wait for a clear to send signal (CTS) from the 
8295 before sending data. 


MOTOR 
DRIVERS 


PRINTER 


8251A TXD 
USART GTS 


SERIAL 


INPUT 
mark | START p7 | STOP 
BIT BIT 


Figure 5. Serial Interface to UART (8251A) 


8295 TO PRINTER INTERFACE 


The strobe output signal of the 8295 determines the 
duration of the solenoid outputs, which hold the data to 
the printer. These solenoid outputs cannot drive the 
printer solenoids directly. They should be buffered 
through solenoid drivers as shown in Figure 6. Recom- 
mended solenoid and motor driver circuits may be found 
in the printer manufacturer’s interface guide. 
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TO 
SOLENOID 


DRIVERS 


TO MOTOR 
DRIVERS 


Figure 6. 8295 To Printer Solenoid Interface 


OSCILLATOR AND TIMING CIRCUITS 


The 8295’s internal timing generation is controlled by a 
self-contained oscillator and timing circuit. A 6 MHz 
crystal is used to derive the basic oscillator frequency. 
The resident timing circuit consists of an oscillator, a 
state counter and acycle counter as illustrated in Figure 
7. The recommended crystal connection is shown in 
Figure 8. 


OSCILLATOR 


+3 +5 SYNC 
STATE CYCLE OUTPUT 
COUNTER COUNTER (2.5 usec) 


Figure 7. Oscillator Configuration 


Figure 8. Recommended Crystal Connection 


AFN-00231C 


intel 


8295 

8295 CHARACTER SET 

Hex Code Print Char. Hex Code Print Char. Hex Code Print Char. Hex Code Print Char. 
20 space 30 0 40 @ 50 P 
21 ! 31 1 41 A 51 Q 
22 ™ 32 2 42 B 52 R 
23 # oO 3 43 C 53 $ 
24 $ 34 4 44 D 54 T 
25 % 35 5 45 E 55 U 
26 & 36 6 46 F 56 V 
27 ; aT 4 47 G SF W 
28 ( 38 8 48 H 58 X 
29 ) 39 9 49 | 59 Y 
2A . 3A 5A J 5A Z 
2B + 3B : 4B K 5B [ 
2C 3C < 4C i. 5C \ 
2D - 3D = 4D M 5D ] 
Ze 3E > 4E N 5E t 
2F / JF ? 4F O 5F — 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias......... 0°C to 70°C 
Storage Temperature............... — 65° to + 150°C 
Voltage on Any Pin With 

Respect to Ground...............05. —~0.5V to +7V 
Power Dissipation...............00 cee eee 1.5 Watt 


*NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. AND OPERATING CHARACTERISTICS (ty = 0°C to 70°C, Vcc = Vp = +5V + 10%, Vsg = OV) 


Vind Input High Voltage (X4, Xo, 
RESET) 


Output Low Voltage (Dp- D7) 
Output High Voltage (Do- D7) 2.4 
2.4 


Von Output High Voltage (All 
Other Outputs) 
Input Leakage Current 


| btwn e855 

Lae Output Leakage Current 
(Dp-Dy, High Z State) 

Tos [Woo Supply Current 


(RESET) 
Se 
(Pins 22, 38 
[Gin | _InputCapacitance 


Limits 
Parameter pkimits Test Conditions 
| Symbol | Min. | Typ. | Max. | [_TestCondtions 
Vit Input Low Voltage (All -—0.5 
Except X;, Xo, RESET) 
Vint Input Low Voltage (X4, Xo, 
RESET) 
Vin Input High Voltage (All 2.2 Voc 
Except X41, Xo, RESET) 
Vcc 


Vout Output Low Voltage (All 
Other Outputs) 


: _ 
: _ 
hu Low Input Load Current 

(Pins 24, 27-38) 
} a 
Cin i Se 
ee 


lol = 2.0mA 


loLp=1.6mA 


lon = —400pA 


lon = —50puA 


V 
V 
V 
V 
V 
V 
V 
V 


+10 Vss < Vin < Vcc 
+10 Vss+0.45 < Vout = Voc 


3 
> 


100 be 


pF 
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A.C. CHARACTERISTICS (1, = 0°C to 70°C, Voc = Vpp = +5V + 10%, Vsg = OV) 


DBB READ 
[Parameter + Win. —[ Max [Unit | Test Conditions —_ 
CS ApStuptoRBY | 0 | | ~s ( 
(CS, AgHoldAfterABT [| 0] Sid rs | 
CFB Pusewith ST SOY 
CS, AptoData OutDeay | —SSC«dSCiSSSCs SCT 
[FBT io Data Out Delay | ———S—S~d~SCtid|Cs dS t 
[AB ttoDataFioatDeley | ———S«dY Sto] ns] 
Toyetime ——SC«dTSCSCdYSC SO 


unit [Test Conditions 
ee 
asf 
ee 
ee 
es 
DMA AND INTERRUPT TIMING 
Symbol | ____‘Parameter_———~([_-Min__| Max. | Unit | Test Conditions 
[taco | BACK Setup to Contr [0 |i rs if 
[tex | DAGK Hola Atter Contro’ [0 | Sid rsp 
[tora | WAtoDRGCleaes | ———S«dT 0d? ns SS 
DACK to Data Vali AT 


A.C. TESTING INPUT, OUTPUT WAVEFORM 


INPUT/OUTPUT 
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WAVEFORMS 


(SYSTEM’S 
ADDRESS BUS) 


(READ CONTROL) 


DATA BUS 
(OUTPUT) 


(SYSTEM’S 
ADDRESS BUS) 


(WRITE CONTROL) 


DATA DATA 
MAY CHANGE + DATA VALID ——} MAY CHANGE 


DMA AND INTERRUPT TIMING 


DACK 


DRQ 


tcra 


j~<a—_____—- tacp 


DATA 
BUS VALID 
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WAVEFORMS (Continued) 


PRINTER INTERFACE TIMING 


MOTOR DRIVE \ 


SOLENOID DATA 


SOLENOID STROBE 


Typical 


Print delay from 


home inactive 


Solenoid data 
setup time before 
strobe active 


Solenoid data 
hold after strobe 
inactive 


Motor hold time 
after home active 
PFEED setup time 
after PFM active 


PFM hold time 
after PFEED active 
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8296/8297 
GPIB BUS TRANSCEIVER 


= Octal Open-Collector or Three-State = Two 20-Pin Transceivers Connect 8291 
GPIB Line Drivers Directly to GPIB Bus Including On- 
Chip IEEE-488 Bus Terminations 
= Octal Schmitt-Type Line Receivers 


=# Low-Power HMOS Il Design ] Only 8291, 8296, and 8297 Required to 
Form Complete IEEE-488 Talker/ 
= Power Up/Power Down Protection to Listener Interface with No Additional 
Prevent Disrupting the Bus Components 


The Intel® 8296/8297 GPIB Bus Transceivers are high-current, non-inverting buffer chips designed to interface the 
8291 GPIB Talker/Listener to the IEEE Standard 488-1978 Instrumentation Interface Bus. The 8296 and 8297 are 
optimized to simplify a talker/listener configuration so that the 8291 can be connected to the GPIB bus without any 
external hardware. The 8297 connects the five IEEE-488 control lines and three handshake lines to the 8291 witha 
special output for parallel poll. The 8296 connects the eight data lines to the 8291, or it can be used as a general 
purpose high-current bus transceiver. 


MICROPROCESSOR SYSTEM BUS 


DMA — 
i INTERFACE siell ree 
L (OPTIONAL) DIO5* REN* 
DIO2* EOI* 
DIO6* DAV* 
DIO3* NRFD* 
DIO7* NDAC* 


DIO4* 
DIO8* 
PPI 


IFC* 
SRQ* 
ATN* 


8296 
DATA GPIB CONTROL GPIB 
TRANSCEIVER TRANSCEIVER 


ee! 


IEEE-488 INTERFACE BUS 


8297 


*=GPIB NON-INVERTING BUS TRANSCEIVER. 


Figure 1. 8291, 8296, 8297 System Diagram Figure 2. Pin Configuration 


8-350 


8296/8297 


ADVANCE INFORMATION 


Table 1. 8296 Pin Description 


| Pin No. | Type Name and Function 


1-8 /O |Data_ Input/Output: Pro- 
cessor GPIB data lines; used 
to carry message and data 
bytes in a bit-parallel byte- 
serial form. If T/R1 is high, 
these lines are inputs. These 
lines are TTL compatible. 


Transmit/Receive 1: Con- 
trols the direction of the DIO 
lines. If T/R1 is high, then the 
eight DIO lines are driving 
data onto the IEEE-488 bus. 
This input is TTL compatible. 


Circuit Ground Potential. 


— | 
a 
= 
—_———“ 
a 
Tt 
pare 


R 1=SEND 
0 = RECEIVE 


1 = THREE-STATE (PUSH-PULL) 
0=OPEN COLLECTOR 


Vec Positive Power Supply: (5V 
+10%). 


DIO1*— 119, 17, 15, 13, | I/O |Data Input/Output: |IEEE- 
18, 16, 14, 12 488 GPIB data lines. They are 
IEEE-488 compatible Schmitt 
‘triggers when used for input 
and can sink over 48 mA 
when used for output. If T/R1 
is high, these lines are driving 
the bus. If PPI is high, then 
these lines are open-collec- 
tor for a parallel poll; other- 
wise, they are push-pull line 
drivers. These pins are 
IEEE-488 compatible for 
input and output. 


Parallel Poll In: Input from 
the 8297 which indicates 
whether or not a parallel poll 
is being conducted. The 8296 
is a push-pull (three-state) 
driver for data bytes, but it 
becomes an open-collector 
driver for a parallel poll. 


SIR 


V 


—— 
pba Dy 
oe] 


TL =+5V 
=0V 
* =l/EEE-48 BUS NON-INVERTING 
DRIVER/RECEIVER WITH TERMINATIONS 


Figure 3. 8296/8297 Transceiver Control Configuration 
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8296/8297 


Table 2. 8297 Pin Description 


Name and Function 


Transmit/Receive 1: Direction con- 
trol for NDAC, NRFD, and DAV. EO/* 
is gated by ATN* and T/R1 so that it 
will remain an input during a parallel 
poll. If T/R1 is high, then NDAC* and 
NRFD* are inputs while DAV* and 
EOI* (if ATN* is high) are outputs. 
This input is TTL compatible. 


End or Identify: Processor GPIB 
control line; used by a talker to indi- 
cate the end of a multiple byte trans- 
fer. This pin is TTL compatible. 


Not Data Accepted: Processor 
GPIB handshake line; used to indi- 
cate the data has been accepted by 
all listeners. This pin is TTL com- 
patible. 


Not Ready For Data: Processor 
GPIB handshake line; used to indi- 
cate the listener is ready to accept 
another byte. This pin is TTL 
compatible. 


Data Available: Processor GPIB 
handshake line; used to indicate the 
talker has inserted data onto the bus. 
This pin is TTL compatible. 


Service Request: Processor GPIB 
control line; used to indicate the 
need for service. This input is TTL 
compatible. 


Attention: Processor GPIB control 
line; used to determine whether the 
byte being received is data or con- 
trol. This output is TTL compatible. 


Remote Enable: Processor GPIB 
control line; used to select between 
remote or local device programming. 
This output is TTL compatible. 


Interface Clear: Processor GPIB 
control line; used to reset the inter- 
face. This output is TTL compatible. 
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Parallel Poll Out: Signal to the 8296 
to indicate a parallel poll is being per- 
formed (both ATN* and EOI" are low). 


Remote Enable: |IEEE-488 GPIB 
control line; this input is an IEEE-488 
compatible Schmitt trigger. 


Endor identify: |EEE-488 GPIB con- 
trol line; used by a talker to indicate 
the end of a message, and by the 
controller with ATN* to indicate a 
parallel poll. It is an input whenever 
ATN* is low or T/R1 is low. This pin is 
IEEE-488 compatible for input and 
output. 


Data Available: |EEE-488 GPIB 
handshake line; is a GPIB driver 
when T/R1 is high and is push-pull 
except during a parallel poll. This pin 
is IEEE-488 compatible for input and 
output. 


Not Ready For Data: |IEEE-488 GPIB 
handshake line; is an open-collector 
GPIB driver when T/R1 is low. This 
pin is IEEE-488 compatible for input 
and output. 


Not Data Accepted: IEEE-488 GPIB 
handshake line; is an open-collector 
GPIB driver when T/R1 is low. This 
pin is IEEE-488 compatible for input 
and output. 


Interface Clear: IEEE-488 GPIB 
control line; this input is an IEEE-488 
compatible Schmitt trigger. 


Service Request: |EEE-488 GPIB 
control line; this output is an open- 
collector IEEE-488 compatible 
driver. 


Attention: |IEEE-488 GPIB control 
line; this input is an IEEE-488 com- 
patible Schmitt trigger. 
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a 
_ 


TO 
MICROPROCESSOR 
BUS 


o 


Lad 
~ 
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~ 


GPIB TRIGGER OUTPUT 


* = IEEE-488 COMPATIBLE GPIB NON-INVERTING TRANSCEIVER. 


Figure 4. 8291, 8296, 8297 System Configuration 
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Products 


I2114A 
1024 x 4-BIT STATIC RAM 
INDUSTRIAL 


12114AL-3 12114AL-4 


Max. Current (mA) 


HMOS Technology = Directly TTL Compatible: All Inputs 
Low Power, High Speed and Outputs 
Identical Cycle and Access Times 


= Common Data Input and Output Using 
Single +SV Supply 10% Three-State Outputs 


High Density 18 Pin Package 


Completely Static Memory - No Clock = Industrial Grade Temperature Range 
or Timing Strobe Required — 40°C to +85°C 


The Intel® 12114A is a 4096-bit static Random Access Memory organized as 1024 words by 4 bits using HMOS, a high 
performance MOS technology. It uses fully DC stable (static) circuitry throughout, in both the array and the decoding, 
therefore it requires no clocks or refreshing to operate. Data access is particularly simple since address setup times 
are not required. The data is read out nondestructively and has the same polarity as the input data. Common input/out- 
put pins are provided. 


The 12114A is designed for memory applications where the high performance and high reliability of HMOS, low cost, 
large bit storage, and simple interfacing are important design objectives. The 12114A is placed in an 18-pin package for 
the highest possible density. 


It is directly TTL compatible in all respects: inputs, outputs, and asingle + 5V supply. A separate Chip Select (CS) lead 
allows easy selection of an individual package when outputs are or-tied. 


xi _@ 
7 V, 
.® wi Ag} Ay 
[= gle cages 
@ As|_}2 A, 1/0, 
As MEMORY ARRAY P 
4) 64 ROWS a,[_]3 2 
Ag — 64 COLUMNS A, 
A Y A,|_]4 
? A 
4 
7 Ao[]5 '21144 
8 As 
1/0 
a Ms 
1/0 
) @ AY a 7 A, 
/0, cs{ js As 1/0, 
1/0, ® Gno[_}9 Ag 
vo, @ 
2s 
ey T) ADDRESS INPUTS V.- POWER (+5V) 
W 


© = PIN NUMBERS WRITE ENABLE GND GROUND 


Ay—Acg 
cs CHIP SELECT 


1/0, -1/0, DATA INPUT/OUTPUT 


Figure 1. 12114A Block Diagram Figure 2. 12114A Pin Diagram 
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ABSOLUTE MAXIMUM RATINGS* “COMMENT: Stresses above those listed under “Abso- 
lute Maximum Ratings” may cause permanent damage 
Temperature Under Bias............ ~50°Cto +95°C to the device. This is a stress rating only and functional 
Storage Temperature ............. ~65°Cto +150°C operation of the device at these or any other conditions 
Voltage on any Pin above those indicated in the operational sections of this 
With Respect toGround ............ ~3.5V to +7V specification is not implied. Exposure to absolute maxi- 
Power Dissipation.............. 00. c eee ee eeee 1.0W mum rating conditions for extended periods may affect 
D.C. Output Current .........0eeccncuseewcerce 5mA device reliability. 


D.C. AND OPERATING CHARACTERISTICS © 
Ta= — 40°C to + 85°C, Voc =5V + 10%, unless otherwise noted. 


sae ait- : awe 4/- a 
Parameter Min. Typ. et 
Input Load Current 
(All Input Pins) 
|/O Leakage Current 10 10 
Vii = = GND to Vec 
Power Supply Current 50 50 70 mA Vcc = max, yo = 0 mA, 
Ta = -40° C 


roarcou ying ..- | 20 THIEL 2 fv lo 


NOTES: 
1. Typical values are for T, = 25°C and Voc = 5.0V. 
2. Duration not to exceed 30 seconds. 
3. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. Typical 
thermal resistance values of the package at maximum temperature are: 
bya (@ 400 foxy air flow) = 40°C/W 
95 (Still air) = 70°C/W 
9 jo = 25°C/W 


CAPACITANCE 
Ta = 25°C, f= 1.0 MHz 


[Symbol | Tost 
win na Capacitance 


NOTE: This parameter is periodically sampled and not 100% tested. 


A.C. CONDITIONS OF TEST 


IPO PUS6 LVS. s cue acGuscegwe cee hsd Cees ee edend.bensonveae sd saarvvnieesacusawness 0.8V to 2.0V 
Input Rise and Fall Times 


INGUL ENG OUTDUT Timing LOVES 2 accidents canes <5 2 Reh ROE RS ERED Ke od Ree Sos eo REw HRS AWE ew RawR KOS baud 1.5V 
Output Load 1 TTL Gate and C, = 100 pF 
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A.C. CHARACTERISTICS = Tya= -— 40°C to + 85°C, Voc =5V + 10%, unless otherwise noted. 


READ CYCLE !1! 


12114AL-3 12114A-4/L-4 12114A-5 
Parameter Mi M M M 
2 2 


Simba in. Max. in. Max. ~*~ 
[tc | Read cycieTime | 150200 50 pins 
pte 200 250 | ons 
50 | ns 

15 15 


ax. 
es 
access time SSP 
Selec 0 [70 
[chip Selection to Output Acwe «tei Cd 
[Outpt State rom Deseecton | aff 
[ Surpur Hota rom Adress Change TS 


12114AL-3 12114A-4/L-4 
Parameter Min. Max. M Max. M 
50 


in. 
Write Cycle Time 2 
20 


ns 
ns 
S 
S 
ns 
ns 


n. 
15 


Cwritetime Sd 80 


Data to Write Time Overlap 
NOTES: 


1. A Read occurs during the overlap of a low CS and a high WE. ee 
2. A Write occurs during the overlap of a low CS and a low WE. t,, is measured from the latter of CS or WE going low to the earlier of 
CS or WE going high. 


READ CYCLE ® WRITE CYCLE 


ADDRESS 
ADDRESS 


(0) 
CANNNINNS: WLLLLLLLLLLLLL 


© A 


= totw 


VRBERERERERE 
Ch dh db tekal Lodkahebach 


tow ton 


i MANALAALAALL 


OTES: 


N 

3. WE is high for a Read Cycle. __ 

4. If the CS low transition occurs simultaneously with the WE low transition, the output buffers remain in a high impedance state. 
5. 


WE must be high during all address transitions. 
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12118 FAMILY 
16,384 x 1-BIT DYNAMIC RAM 
INDUSTRIAL 


Maximum Access Time (ns) 
Read, Write Cycle (ns) 
Read-Modify Cycle (ns) 


= Single +5V Supply, + 10% Tolerance a CAS Controlled Output is Three-State, 
= HMOS Technology LD etipiaibe a ea 

= RAS-Only Refresh 
= Low Power: 138 mW Max. Operating 


11 mW Max. Standby = 128 Refresh Cycles Required Every 2ms 
= Allows Negative Overshoot 
= Low Vpp Current Transients Vit min= —2V 
a All Inputs, Including Clocks, TTL = Industrial Grade Temperature Range 
Compatible — 40°C to +85°C 


The Intel® 12118 is a 16,384 word by 1-bit Dynamic MOS RAM designed to operate from a single + 5V power supply. The 
12118 is fabricated using HMOS—a production proven process for high performance, high reliability, and high storage 
density. 


The 12118 uses a single transistor dynamic storage cell and advanced dynamic circuitry to achieve high speed with low 
power dissipation. The circuit design minimizes the current transients typical of dynamic RAM operation. These low cur- 
rent transients contribute to the high noise immunity of the 12118 in a system environment. 


Multiplexing the 14 address bits into 7 address input pins allows the 12118 to be packaged in the industry standard 16-pin 
DIP. The two 7-bit address words are latched into the 12118 by the two TTL clocks, Row Address Strobe (RAS) and Column 
Address Strobe (CAS). Non-critical timing requirements for RAS and CAS allow use of the address multiplexing tech- 
nique while maintaining high performance. 


The 12118 three-state output is controlled by CAS, independent of RAS. After a valid read or read-modify-write cycle, 
data is latched on the output by holding CAS low. The data out pin is returned to the high impedance state by returning 
CAS to a high state. 


The single transistor storage cell requires refreshing for data retention. Refreshing is accomplished by performing RAS- 
only refresh cycles, or normal read or write cycles on the 128 address combinations of Ap through Ag during a 2 ms 
period. A write cycle will refresh stored data on all bits of the selected row except the bit which is addressed. 


-—Vop 
’ hy 64 x 128 CELL mw— Ves 
pecopers| MEMORY ARRAY 
128 SENSE 
AMPLIFIERS TOF 2) foutput ‘i 
1 OF 64 COLUMN > pe BUFFER lout 
DECODERS GATING 
1 OF 64 
acy 64 x 128 CELL 
DECODERS MEMORY ARRAY 


RAS CLOCK 7 CLOCK ; WRITE ia DATA Z 
GENERATOR GENERATOR ENABLE INPUT 
NO. 2 


o 


bPPpPrPYrPYrPYpyp 
ow k® wn 
ADDRESS BUS 


NO. 1 BUFFER BUFFER 

CAS RAS ROW ADDRESS STROBE 

we 
Din 


Figure 1. Block Diagram Figure 2. Pin Diagram 
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ABSOLUTE MAXIMUM RATINGS* SCOMMENT: — seted under “Absolute M ; 

- ‘ tresses above those listed under ‘‘Absolute Maximum Rating” 
Ambient Temperature Under Bias .... —-50°C to + 95°C may cause permanent damage to the device. This is a eb 
Storage Temperature ............. —-65°C to + 150°C rating only and functional operation of the device at these or at 
Voltage on any Pin Relative toVsg ............--. 7.5V any other condition above these indicated in the operational 
Data Out Current 50mA sections of this specification is not implied. Exposure to ab- 

ee are ee ena eee eee. solute maximum rating conditions for extended periods may af- 
Power DISGIPANON. 6...62c00ssccaenesaveserevers 1.0W fect device reliability. 


D.C. AND OPERATING CHARACTERISTICS !4 
Ta= — 40°C to + 85°C, Vpp=5V + 10%, Vsg = OV, unless otherwise noted. 


Limits 
Parameter 


| Min. |Typ.'2!| Max. |Unit| Test Conditions 
High Impedance State 0.1 10 uA| Vout = 0 to 5.5V 
Piast | Vow Supply Gurrent Standby | | 12 | 2 [malOAS ang RAS atm | 
Ino2 | Von Supply Current, Operating |__| 21_'| _25 | ma 
| | 19 | 23 | ma 
Cycle | | 42 | 14 | mA | 12118-7, tac=tro MIN 3 


Output Enabled 

Wie [Input Low Vottage all nputs) _|-20 | | 08 | V 

Vin | Input High Vottage (ail inputs) | 24 | | 70 | v_ 
[Vor _[OutputLowvoitage | || 04 | V to 


NOTES: 
1. All voltages referenced to Vss. 
2. Typical values are for TA = 25°C and nominal supply voltages. 
3. Ipp is dependent on output loading when the device output is selected. Specified |_, MAx is measured with the output open. 
4. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. Typical 
thermal resistance values of the package at maximum temperature are: 
VAY" (@ 400 fom air flow) = 45°C/W 
65, (Still air) = 60°C/W 
935 = 25°C/W 


CAPACITANCE || 
Ta = 25°C, Vpop = 5V +10%, Vss = OV, unless otherwise noted. 


Parameter 


Address, Data In 


RAS, CAS, WE, Data Out 


NOTES: 
|. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation: 


C = LAt with AV equal to 3 volts and power supplies at nominal levels. 
AV 
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A.C. CHARACTERISTICS !':2.3) 
Ta = — 40°C to +85°C, Vpp=5V + 10%, Vssg = OV, unless otherwise noted. 
READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES 


tRAC Access Time From RAS 


tcac___| Access Time From CAS 5 | 80 | 
tREF Time Between Refresh | 2 
AS Precharge Time 120 


S Precharge Time'non-page cycles) 
to RAS Precharge Time 


tRCD to CAS Delay Time | 25 55 25 


tRSH RAS Hold Time 85 105 
tcsH | CAS Hold Time 120 165 
tasR Row Address Set-Up Time fo) 0 


tRAH Row Address Hold Time 1S ns 
tasc Column Address Set-Up Time ee ee ns 


tCAH Column Address Hold Time 15 20 
Column Address Hold Time, to RAS 
tr Transition Time (Rise and Fall) 3 50 
toFF Output Buffer Turn Off Delay 
READ AND REFRESH CYCLES 


tRAS RAS Pulse Width 140 10000 | 175 19000 | 


WRITE CYCLE 


Random Write Cycle Time 270 320 
5 


A Bg 
n wn 


tCPN 
tcAP 


O 
z 
n 
~“s 


O 
> 
Wn 


~“N 
oO 

A 
wn 
™N 


pe) 
> 
op) 


2D 


a 
wn 


tRC 


RAS Pulse Width 140 10000] 175 10000 Fons | 
10000 | 95 10000 | ne | 
Write Command Set-Up Time Fons 


oT 
tWCH Write Command Hold Time | 3000s 
twp Write Command Pulse Width ee ee ee 
tRWL Write Command to RAS Lead Time (65 00 110 sl ns ff 
os | Date-in Set-Up Time ns a 

pns | 


tRAS 
tCAS CAS Pulse Width 6 
twcs 


tDH Data-In Hold Time 


tona | Data-in Hold Time, to RAS “eat rs on 


READ-MODIFY-WRITE CYCLE 


tRWC Read-Modify-Write Cycle Time 


tRRW RMW Cycle RAS Pulse Width 


tcRw RMW Cycle CAS Pulse Width 120 10000/ 185 10000 
tRWD RAS to WE Delay | 120 


towo 
NOTES: ¥: tracp(max.) is specified as a reference point only. If tacp is less than 
1. All voltages referenced to Vss. tRCD (max.) access time is trac. If tacp is greater than tacp (max.) 
2. Eight cycles are required after power up or prolonged periods access time is tRcp + tcac. 

(greater than 2ms) of RAS inactivity before proper device operation is 8. tt is measured between Viq (min.) and Vi_ (max.). 

achieved. Any 8 cycles which perform refresh are adequate for this 9. twcs, tcwo and trwo are specified as reference points only. If twcs 

purpose. = twcs (min.) the cycle is an early write cycle and the data out pin 
3; A.C. Characteristics assume tt = 5ns. will remain high impedance throughout the entire cycle. If tcwp = 
4. Assume that tacp <trcp(max). If tacp is greater than tacp (max.) tcwp (min.) and trwo = trwo (min.), the cycle is a read-modify-write 

then trac will increase by the amount that tacp exceeds trcp (max.). cycle and the data out will contain the data read from the selected 
5. Load = 2 TTL loads and 100pF address. If neither of the above conditions is satisfied, the condition 
6. Assumes trcp =trcp (max.). of the data out is indeterminate. 


9-6 AFN-12118/FDS 


1 | 12118 FAMILY 


WAVEFORMS 


READ CYCLE 


RAS 


woes’ EM fasts KX | ssowes |X 
V, 2YN ADDRESS £\ /\ ADDRESS /\ 


IL 


<++\'Rcs 


IMPEDANCE 


WRITE CYCLE 


'CSH ——————— + I[cpn 


Se eee 


NG) 
ry ; ROW COLUMN 
ADDRESSES \ (2) ADDRESS x x ADDRESS 


Gr 


() tops —> +p (6) ———+ 


Da 
x 


'TDHR 


HIGH 
IMPEDANCE 


NOTES: 1,2. Vig min AND Vip max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3.4. Vou min AND Vo, max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dou 1- 
5. torr ISMEASURED TO Igut < |ILo!- 
6. tps AND toy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 
7. taco IS REFERENCED TO THE TRAILING EDGE OF OF CAS O OR RAS, WHICHEVER OCCURS FIRST. 
8. tcrp REQUIREMENT ISONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (1.e.. FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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WAVEFORMS 


READ-MODIFY-WRITE CYCLE 


tasr al 


Vv \7 ROW */ \A Cc rn aie 
aoonessts yO pooness K XM aooness KX 


OLUMN 
DDRESS 


IMPEDANCE 


RAS-ONLY REFRESH CYCLE 


@ 


ADDRESSES ADDRESS 


HIGH 
IMPEDANCE 


NOTES: 1,2. Vin min AND Viv max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3.4. Vow min AND Voi max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dour. 
5. torr ISMEASURED TO lout § |ILol. 
6. tps AND toy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 


7. tcrp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (1.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS) 
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in 12716 
46K (2K x 8) UV ERASABLE PROM 


INDUSTRIAL 
a Fast Access Time: 450 ns Max a Simple Programming Requirements 
— Single Location Programming 
= Industrial Grade Temperature — Programs with One 50 ms Pulse 
Range: — 40°C to + 85°C 
a Single +5V Power Supply = Inputs and Outputs TTL Compatible 


during Read and Program 


= Low Power Dissipation 
— 525 mW Max. Active Power 
— 132 mW Max. Standby Power = Completely Static 


The Intel® Industrial Grade 12716 is a 16,384-bit ultraviolet erasable and electrically programmable read-only memory 
(EPROM). The 12716 operates from a single 5-volt power supply, has a static standby mode, and features fast single ad- 


dress location programming. It makes designing with EPROMs faster, easier and more economical. 


The 12716, with its single 5-volt supply and with an access time of 450 ns max, is ideal for use with the newer high per- 
formance industrial grade +5V microprocessors such as Intel’s 8085. The 2716 is also the first EPROM with a static 
standby mode which reduces the power dissipation without increasing access time. The maximum active power 


dissipation is 525 mW while the maximum standby power dissipation is only 132 mW, a 75% savings. 


The 12716 has the simplest and fastest method yet devised for programming EPROMs—single pulse TTL level pro- 
gramming. No need for high voltage pulsing because all programming controls are handled by TTL signals. Program 
any location at any time-either individually, sequentially or at random, with the 2716’s single address location pro- 


gramming. Total programming time for all 16,384 bits is only 100 seconds. 


CE/PGM 
(18) 


MODE SELECTION PIN CONFIGURATION 
(21) (24) (9-11, 13-17) 


afi our 


BLOCK DIAGRAM 


OATA OUTPUTS 


OUTPUT ENABLE 


GE/PGM CHIP ENABLE AND 


PROG LOGIC OUTPUT BUFFERS 
¥ " a 
Ao- A10 eee 
ADORESS Ag- Aig | ADDRESSES 
rus % 16 384 BIT CE/PGM | CHIP ENABLE/PROGRAM 
DECODER CELL MATHIX 1OE —_—s«|:-«sOUTPUT ENABLE 
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PROGRAMMING 


The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions Section 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .................. —50°C to +95°C 

Storage Temperatuse ......0..0cen. seeds — 65°C to + 125°C *NOTICE: Stresses above those listed under “Absolute Maximum 

All Input or Output Voltages with Ratings” may cause permanent damage to the device. This is a stress 
Respect toGround.............eeceeeueue + 6V to —0.3V rating only and functional operation of the device at these or any other 


conditions above those indicated in the operational sections of this 
Vpp Supply Voltage with Respect specification is not implied. Exposure to absolute maximum rating con- 
to Ground During Program.............. + 26.5V to — 0.3V ditions for extended periods may affect device reliability. 


D.C. CHARACTERISTICS 
Ta = —40°C to +85°C, Vec!12) = +5V + 5%, Vppl2! = Vcc 


READ OPERATION 


| Voc Current (Active) | 
Input Low Voltage 
Input High Voltage | 
Output Low Voltage 
__Output High Voltage | 2 


NOTES: 1. Voc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 


2. Vpp may be connected directly to Voc except during programming. The supply current would then be the sum of loc and Ipp4. 
3. Typical values are for Ta = 25°C and nominal supply voltages. 


4. This parameter is only sampled and is not 100% tested. 


TYPICAL CHARACTERISTICS 


Icc CURRENT vs. TEMPERATURE ACCESS TIME vs. CAPACITANCE ACCESS TIME vs. TEMPERATURE 


Tacc (ns) 


loc2 ACTIVE CURRENT 


pt tt | veews 


| {| lcc1 STANDBY CURRENT 
CE=Vinp 
Se: 
SEeReR eee 
-40 -20 0 20 40 60 80 100 0 100 200 300 400 500 600 700 800 -40 -20 0 20 40 60 80 100 
TEMPERATURE (°C) Ci (pF) TEMPERATURE (°C) 


lec (MA) 
o= 
oO 
Tacc (ns) 
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A.C. CHARACTERISTICS 
Ta = —40°C to +85°C, Vcc!!! = +5V + 5%, Vpp!?! = Vcc 


; 
Parameter 


Test 


ton Output Hold From Addresses, CE or CE=OE=Vy, 
OE Whichever Occurred First 


CAPACITANCE"! Ta = 25°C, f= 1 MHz A.C. TEST CONDITIONS 


Symbol| __Parameter__| Typ. 
IN Input Capacitance 4 | 
OUT Output Capacitance | 8 | 


Output Load: 1 TTL gate and C, = 100 pF 
Input Rise and Fall Times: <20 ns 

Input Pulse Levels: 0.8V to 2.2V 

Timing Measurement Reference Level: 


Inputs 1V and 2V 
Outputs 0.8V and 2V 


WAVEFORMS 
e e e 
ADDRESSES 4 ao ome 
e e es 
CE 
@eee 
tce 
(450 MAX.) 
OE 


tOE tor 

(150 MAX.) (130 MAX.) 

[6] (7) 

tacc : 
(450 MAX.) (e] ne 


OUTPUT HIGH Z LLL ee 
AAAS 


NOTES: 1. Vcc must be applied simultaneously or before Vpp and removed simultane- 

ously or after Vpp. 

2. Vpp may be connected directly to Vcc except during programming. The 
supply current would then be the sum of Icc and Ipp}. 

3. Typical values are for Ta = 25°C and nominal supply voltages. 

4. This parameter is only sampled and is not 100% tested. 

5. All times shown in parentheses are minimum and are nsec unless other- 
wise specified. 

6. OE may be delayed up to tacc—toe after the falling edge of CE without 
impact on tacc. 

7. tpg is specified from OE or CE, whichever occurs first. 
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12716 


DEVICE OPERATION 


The five modes of operation of the 2716 are listed in 
Table 1. It should be noted that all inputs for the five 
modes are at TTL levels. The power supplies required 
are a +5V Vcc and a Vpp. The Vpp power supply must be 
at 25V during the three programming modes, and must 
be at 5V in the other two modes. 


P PINS 


Read 
Standby 


MODE SELECTION 


Vpp 
(21) 


=o 


READ MODE 


OUTPUTS 
(9-11, 13-17) 


CE /PGM 
(18) 


Vcc 
(24) 


| +s | Dour | 


VIL 


The .2716 has two control functions, both of which 
must be logically satisfied in order to obtain dat at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and should be used to gate data to 
the output pins, independent of device selection. 
Assuming that addresses are stable, address access 
time (tacc) is equal to the delay from CE to output (tc.). 
Data is available at the outputs 150 ns (tog) after the fall- 
ing edge of OE, assuming that CE has been low and 
addresses have been stable for at least tacc-tog. 


STANDBY MODE 


The 2716 has a standby mode which reduces the active 
power dissipation by 75%, from 525 mW to 132 mW. The 
2716 is placed in the standby mode by applying a TTL 
high special to the CE input. When in standby mode, the 
outputs are in a high impedance state, independent of the 
OE input. 


OUTPUT OR-TIEING 


Because 2716’s are usually used in larger memory 
arrays, Intel has provided a 2 line control function that 
accommodates this use of multiple memory connec- 
tions. The two line control function allows for 


a) the lowest possible memory power dissipation, and, 
b) complete assurance that output bus contention will 
not occur. 


To most efficiently use these two control lines, it is rec- 
ommended that CE (pin 18) be decoded and used as the 
primary device selecting function, while OE (pin 20) be 
made a common connection to all devices in the array 
and connected to the READ line from the system control 
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bus. This assures that all deselected memory devices 
are in their low power standby mode and that the output 
pins are only active when data is desired from a par- 
ticular memory device. 


PROGRAMMING 


Initially, and after each erasure, all bits of the 2716 are 
in the “1” state. Data is introduced by selectively pro- 
gramming “‘0’s” into the desired bit locations. Although 
only “‘0’s” wil be programmed, both ‘‘1’s” and ‘‘0’s” can 
be presented in the data word. The only way to change a 


“Q” to a 1” is by ultraviolet lignt erasure. 


The 2716 is in the programming mode when the Vpp 
power supply is at 25V and OE is at Vj. The data to be 
programmed is applied 8 bits in parallel to the data out- 
put pins. The levels required for the address and data 
inputs are TTL. 


When the address and data are stable, a 50 msec, active 
high, TTL program pulse is applied to the CE input. A 
program pulse must be applied at each address location 
to be programmed. You can progam any location at any 
time — either individually, sequentially, or at random. 
The program pulse has a maximum wit)dth of 55 msec. 
The 2716 must not be programmed with a DC signal 
applied to the CE input. 


Programming of multiple 2716’s in parallel with the 
same data can be easily accomplished due to the sim- 
plicity of the programming requirements. Like inputs of 
the paralleled 2716’s may be connected together when 
they are programmed with the same data. A high level 
TTL puise applied to the CE input programs the paral- 
leled 2716's. 


PROGRAM INHIBIT 


Programming of multiple 2716’s in parallel with differ- 
ent data is also easily accomplished. Except for CE, all like 
units (including OE) of the parallel 2716’s may be 
common. A TTL level program pulse applied toa 2716's 
CE input with Vpp at 25V will program that 2716. A low 
level CE input inhibits the other 2716 from being 
programmed. 


PROGRAM VERIFY 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The 
verify may be performed with Vpp at 25V. Except during 
programming and program verify, Vpp must be at 5V. 


intel ADVANCE INEORMATION 


18022 
SINGLE COMPONENT 8-BIT MICROCOMPUTER 
WITH ON-CHIP A/D CONVERTER 


INDUSTRIAL 

# 8-Bit CPU, ROM, RAM, I/O in Single 40-Pin @ Two Interrupts — External and Timer 
Package @ 2K x 8 ROM, 64 x 8 RAM, 28 I/O Lines 

= On-Chip 8-Bit A/D Converter; Two Input ® 10 usec Cycle; All Instructions 1 or 2 Cycles 
Channels = Instructions — 8048 Subset 

= 8 Comparator Inputs (Port 0) @ Interval Timer/Event Counter 

@ Zero-Cross Detection Capability = Clock Generated with Single Inductor or 

@ Single 5V Supply (4.5V to 6.5V) Crystal 

@ High Current Drive Capability — 2 Pins = Easily Expanded I/O 


The Intel® 8022 is the newest member of the MCS-48 family of single chip 8-bit microcomputers. It is designed to 
satisfy the requirements of low cost, high volume applications which involve analog signals, capacitive touchpanel 
keyboards, and/or large ROM space. The 8022 addresses these applications by integrating many new functions 
on-chip, such as A/D conversion, comparator inputs and zero-cross detection. 


The features of the 8022 include 2K bytes of program memory (ROM), 64 bytes of data memory (RAM), 28 I/O lines, 
an on-chip A/D converter with two input channels, an 8-bit port with comparator inputs for interfacing to low voltage 
Capacitive touchpanels or other non-T TL interfaces, external and timer interrupts, and zero-cross detection capability. 
In addition, it contains the 8-bit interval timer/event counter, on-board oscillator and clock circuitry, single 5V power 
supply requirement, and easily expandable I/O structure common to all members of the MCS-48 family. 


The 8022 is designed to be an efficient controller as well as an arithmetic processor. It has bit handling capability 
plus facilities for both binary and BCD arithmetic. Efficient use of program memory results from using the MCS-48 
instruction set which consists mostly of single byte instruction and has extensive conditional jump and direct table 
lookup capability. Program memory usage is further reduced via the 8022’s hardware implementation of the A/D con- 
verter which simplifies interfacing to analog signals. 


Vec Vss 


PORTO 
<+———— THRESHOLD P26 Lj 1 40 1) Vcc 
REFERENCE 


2048 WORDS 
PROGRAM 
MEMORY 


64 WORDS 
CLOCK DATA 
MEMORY 


TEST 1 poo 310 P16 
i por (11 301) P15 

a port? po2 (J 12 29) P14 

- po3 (J 13 28[] P13 


ADDRESS po7 (] 17 24[.] RESET 
ANO> =——=* LATO 
ENABLE ALE [J 18 23] XTAL 2 

T1 LJ 19 22.) XTAL1 


Vss L] 20 211) SUBST 


8-BIT 
TIMER/EVENT 
COUNTER 


TWO CHANNEL 
8-BIT A/D 
CONVERTER 


26 
DIGITAL 
VO LINES 


AN1 RT 
——*» EXPANDER 
STROBE 
il AJD SUBSTRATE 
Fi 1 = Figure 3 
nue ts Figure 2. es 
Block Diagram Lanta Symbol Pin Configuration 
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ADVANCE INFORMATION 
18031/8051 


SINGLE-COMPONENT 8-BIT MICROCOMPUTER 
INDUSTRIAL 


H 8031 - Control Oriented CPU With RAM and I/O 
@ 8051 - An 8031 With Factory Mask-Programmable ROM 


@ 4Kx8ROM @ Boolean Processor 
@ 128x8RAM m@ MCS-48® Architecture Enhanced with: 
@ Four 8-Bit Ports, 32 I/O Lines e Non-Paged Jumps 
m@ Two 16-Bit Timer/Event Counters e Direct Addressing 
@ High-Performance Full-Duplex Serial e Four 8-Register Banks 
Channel e Stack Depth Up to 128-Bytes 
@ External Memory Expandable to 128K © Multiply, Divide, Subtract, Compare 
= Compatible with MCS-80™/MCS-85™ & Most Instructions Execute in 1 us 
Peripherals @ 4 us Multiply and Divide 


The Intel® 8031/8051 is a stand-alone, high-performance single-chip computer fabricated with Intel’s highly-reliable +5 Volt, 
depletion-load, N-Channel, silicon-gate HMOS technology and packaged in a 40-pin DIP. It provides the hardware features, 
architectural enhancements and new instructions that are necessary to make it a powerful and cost effective controller for 
applications requiring up to 64K bytes of program memory and/or up to 64K bytes of data storage. 


The 8051 contains a non-volatile 4K x 8 read only program memory; a volatile 128 x 8 read/write datamemory, 32 I/O lines; two 16-bit 
timer/counters; a five-source, two-priority-level, nested interrupt structure; a serial I/O port for either multi-processor communica- 
tions, 1/O expansion, or full duplex UART; and on-chip oscillator and clock circuits. The 8031 is identical, except that it lacks the 
program memory. For systems that require extra capability, the 8051 can be expanded using standard TTL compatible memories 
and the byte oriented MCS-80 and MCS-85 peripherals. 


The 8051 microcomputer, like its 8048 predecessor, is efficient both as a controller and as an arithmetic processor. The 8051 has 
extensive facilities for binary and BCD arithmetic and excels in bit-handling capabilities. Efficient use of program memory results from 
an instruction set consisting of 44% one-byte, 41% two-byte, and 15% three-byte instructions. 58% of the instructions execute in 1 us, 
40% in 2 us, and multiply and divide require only 4 ws. Among the many instructions added to the standard 8048 instruction set are 
multiply, divide, subtract and compare. 


RST/VPD 
FREQUENCY 
NES YER REFERENCE COUNTERS 


OSCILLATOR 4096 BYTES TWO 16-BIT 
& PROGRAM 128 BYTES TIMER/EVENT 
MEMORY DATA MEMORY 
TIMING pos COUNTERS 


ADO 


AD1 C) 


AD2 
AD3 


rveveve 


AD4 
ADS5 EA/VDD 
AD6 
AD7 
18031 31[- EA/vop ALE/PROG 


ADDRESS AND DATA BUS 


PORT 1 
7 siledonciering 
fon] 
072 


PSEN 


Ais 


| 
| 
| 
| 
| 
| 
| 
| 
| 


PROGRAMMABLE 
SERIAL PORT 
64K-BYTE BUS 
a EXPANSION * PROGRAMMABLE 1/0 hr alae 
ii 5 ( RXD — = Sonmeet * SYNCHRONOUS 
shad 5) xo << —+S lo INTERRUPTS SHIFTER 
Al2 ES INTO o> a “a —— a i 
2) iNntie }- | —e |w 
All > x c ” ee ——— —_— — — ——_ — _—_ 
4 To-—@ \o 9 =~ 
A10 < a 
So) 1s —>/9 
” S| Wa — 1% INTERRUPTS CONTROL PARALLEL PORTS, SERIAL — SERIAL 
AB a | AO — ADDRESS/DATA BUS, IN OUT 
= AND I/O PINS 
Figure 1. Pin : , 
Figure 2. Logic Symbol Figure 3. Block Diagram 


Configuration 
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inte 
18048/8748/8035L 


INDUSTRIAL TEMPERATURE RANGE 
SINGLE COMPONENT 8-BIT MICROCOMPUTER 


e 8048 Mask Programmable ROM 
e 8648 One-Time Factory Programmable EPROM 
e 8748 User Programmable/Erasable EPROM 
e 8035/8035L External ROM or EPROM 
e — 40°C to + 85°C Operation 
= 8-Bit CPU, ROM, RAM, I/O in Single = 1K x 8 ROM/EPROM 
Package 64 x 8 RAM 
a Interchangeable ROM and EPROM 27 1/0 LINES 
Versions a Interval Timer/Event Counter 
= Single 5V Supply a Easily Expandable Memory and I/O 
= 2.5 usec and 5.0 usec Cycle Versions: = Compatible with 8080/8085 Series 
All instructions 1 or 2 Cycles Peripherals 
ws Over 90 Instructions: 70% Single Byte a Single Level Interrupt 


The Intel® 8048/8648/8748/8035 is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip 
using Intel’s N-channel silicon gate MOS process. 


The 8048 contains a 1K x 8 program memory, a 64 x 8 RAM data memory, 27 I/O lines, and an 8-bit timer/counter in addi- 
tion to on-board oscillator and clock circuits. For systems that require extra capability, the 8048 can be expanded 
using standard memories and MCS-80™/MCS-85™ peripherals. The 8035 is the equivalent of an 8048 without program 
memory. The 8035L has the RAM power-down mode of the 8048 while the 8035 does not. The 8648 is a one-time pro- 
grammable (at the factory) 8748 which can be ordered as the first 25 pieces of a new 8048 ROM order. The substitution 
of 8648’s for 8048’s allows for very fast turnaround for initial code verification and evaluation units. 


To reduce development problems to a minimum and provide maximum flexibility, three interchangeable pin-compati- 
ble versions of this single component microcomputer exist: the 8748 with user-programmable and erasable EPROM 
program memory for prototype and preproduction systems, the 8048 with factory-programmed mask ROM program 
memory for low cost, high volume production, and the 8035 without program memory for use with external program 
memories. 


This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8048 has exten- 
sive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory 
results from an instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in length. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 
_—_ PORT 
=1 
el CLOCK goers sa ig 
MEMORY MEMORY 


RESET —> 


SINGLE 
STEP READ 


8-BIT 
CPU 
WRITE 


PROGRAM 
STORE 
ENABLE 


ADDRESS 
ENABL Ten 27 
ENA 

_ EVENT COUNTER 1/O LINES 


PORT 
EXPANDER 
STROBE 


1 

2 
3 
4 
5 
6 
7 
8 
9 


EXTERNAL 
lS 
MEM 


rer} 


INTERRUPT —e 
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18048/8748/8035L 


PIN DESCRIPTION 


Designation 


Vss 
Vop 


PROG 


P10-P17 
Port 1 
P20-P27 
Port 2 


BUS 


TO 


T1 


Pin # 


20 
26 


40 


25 


27-34 


21-24 
35-38 


12-19 


39 


Function 
Circuit GND potential 


Programming power supply; +25V 
during program, +5V during oper- 
ation for both ROM and PROM. 
Low power standby pin in 8048 
and 8035L. 


Main power supply; +5V during 
operation and programming. 


Program pulse (+23V) input pin 
during 8748 programming. 


Output strobe for 8243 I/O 
expander. 


8-bit quasi-bidirectional port. 


8-bit quasi-bidirectional port. 


P20-P23 contain the four high 
order program counter bits during 
an external program memory fetch 


and serve as a 4-bit |/O expander 
bus for 8243. 


True bidirectional port which can 
be written or read synchronously 
using the RD, WR strobes. The 

port can also be statically latched. 


Contains the 8 low order program 
counter bits during an externa! 
program memory fetch, and receives 
the addressed instruction under the 
control of PSEN. Also contains the 
address and data during an external 
RAM data store instruction, under 
control of ALE, RD, and WR. 


Input pin testable using the con- 
ditional transfer instructions JTO 
and JNTO. TO can be designated as 
a clock output using ENTO CLK 
instruction. TO is also used during 
programming. 


Input pin testable using the JT 1, 

and JNT1 instructions. Can be des- 
ignated the timer/counter input using 
the STRT CNT instruction. 


Interrupt input. Initiates an inter- 
rupt if interrupt is enabled. Inter- 
rupt is disabled after a reset. Also 
testable with conditional jump 
instruction. (Active low) 
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Designation 


RD 


RESET 


ALE 


EA 


XTAL1 


XTAL2 


Pin + 


8 


4 


10 


ie 


Function 


Output strobe activated during a 
BUS read. Can be used to enable 
data onto the bus from an external 
device. 


Used as a read strobe to external 
data memory. (Active low) 


Input which is used to initialize the 
processor. Also used during PROM 
programming verification, and 
power down. (Active low) 

(Non TTL Vip ) 


Output strobe during a bus write. 
(Active low) 


Used as write strobe to external 
data memory. 


Address latch enable. This signal 
occurs once during each cycle and 
is useful as a clock output. 


The negative edge of ALE strobes 
address into external data and pro- 
gram memory. 


Program store enable. This output 
occurs only during a fetch to exter- 
nal program memory. (Active low) 


Single step input can be used in con- 
junction with ALE to “single step”’ 
the processor through each in- 
struction. (Active low) 


External access input which forces 
all program memory fetches to re- 
ference external memory. Useful 
for emulation and debug, and 
essential for testing and program 
verification. (Active high) 


One side of crystal input for inter- 
nal oscillator. Also input for exter- 
nal source. (Non TTL Vj) 


Other side of crystal input. 


AFN-00860A-02 


INSTRUCTION SET 


Accumulator 


Input/Output 


Registers 


Branch 


Mnemonic 
ADDA,R 
ADD A, @R 
ADD A, =data 
ADDC A, R 
ADDC A, @R 
ADDC A, =data 
ANLA,R 
ANL A, @R 
ANL A, =data 
ORLA, R 
ORLA, @R 
ORLA, =data 
XRLA,R 
XRL A, @R 
XRLA, =data 
INCA 

DEC A 
CLRA 
CPLA 

DAA 

SWAP A 
RLA 

RLCA 

RRA 

RRCA 

INA, P 
OUTLP,A 
ANL P, =data 
ORL P, #data 
INS A, BUS 
OUTL BUS,A 


ANL BUS, =sdata 
ORL BUS, =data 


MOVD A, P 
MOVD P, A 
ANLD P,A 
ORLDP,A 


INC R 
INC @R 
DECR 


JMP addr 
JMPP @A 
DJNZ R, addr 
JC addr 
JNC addr 
J Z addr 
JNZ addr 
JTO addr 
JNTO addr 
JT1 addr 
JNT1 addr 
JFO addr 
JF 1 addr 
JTF addr 
JNI addr 
JBb addr 


Description 


Add register to A 

Add data memory to A 

Add immediate to A 

Add register with carry 

Add data memory with carry 
Add immediate with carry 
And register toA 

And data memory toA 

And immediate to A 

Or register to A 

Or data memory to A 

Or immediate to A 
Exclusive or register to A 
Exclusive or data memory to A 
Exclusive or immediate to A 
Increment A 

Decrement A 

Clear A 

Complement A 

Decimal adjust A 

Swap nibbles of A 

Rotate A left 

Rotate A left through carry 
Rotate A right 

Rotate A right through carry 


Input port toA 

Output A to port 

And immediate to port 
Or immediate to port 
Input BUS toA 

Output A to BUS 

And immediate to BUS 
Or immediate to BUS 
Input expander port toA 
Output A to expander port 
And A to expander port 
Or A to expander port 


Increment register 
Increment data memory 
Decrement register 


Jump unconditional 
Jump indirect 
Decrement register and skip 
Jump on carry = 1 

Jump oncarry = 0 

Jump on A zero 

Jump on A not zero 
Jump on TO= 1 

Jump on TO=0 

Jump on T1 = 1 

Jump on T1=0 

Jump on FO= 1 

Jump on Fil = 1 

Jump on timer flag 

Jump on INT =0 

Jump on accumulator bit 


18048/8748/8035L 


Bytes 


NONNNNNYNNNNNNNN HN 


Cycle 


NO NNN NONNNNNN N 


— 


NONNNYONNNNNNNNNNN N 


Mnemonic Description Bytes Cycles 
® 
‘ CALL addr Jump to subroutine 2 2 
Pr RET Return 1 2 
2 RETR Return and restore status 1 2 
” 
CLA Cc Clear carry 1 1 
CPL ¢ Complement carry 1 1 
® CLR FO Clear flag O 1 1 
i CPL FO Complement flag 0 1 1 
CLR F1 Clear flag 1 1 1 
CPL F1 Complement flag 1 1 1 
MOV A, R Move register toA 1 1 
MOV A, @R Move data memory to A 1 1 
MOV A, #data Move immediate to A 2 2 
MOV R,A Move A to register 1 1 
MOV @R,A Move A to data memory 1 1 
, MOV R, =data Move immediate to register 2 2 
2 MOV @R, =data Move immediate to data memory 2 2 
S MOVA,PSW Move PSW to A 1 1 
s MOV PSW,A_ Move A to PSW 1 1 
Oo XCHA,R Exchange A and register 1 1 
XCHA,@R Exchange A and data memory 1 1 
XCHD A, @R Exchange nibble of Aandregister 1 1 
MOVX A, @R Move external datamemory toA 1 z 
MOVX @R,A Move Atoexternal datamemory 1 2 
MOVP A, @A_ Move to A from current page 1 2 
MOVP3 A, @A Move to A from page 3 1 2 
MOV A, T Read timer/counter 1 1s 
S MOVT,A Load timer/counter 1 1 
S sTRTT Start timer 1 1 
8 STRT CNT Start counter 1 1 
o STOP TCNT Stop timer/counter 1 1 
E EN TCNTI Enable timer/counter interrupt 1 1 
DIS TCNTI Disable timer/counter interrupt 1 1 
EN | Enable external interrupt 1 1 
DIS | Disable external interrupt 1 1 
© SELRBO Select register bank O 1 1 
c SEL RB1 Select register bank 1 1 1 
©O SEL MBO Select memory bank O 1 1 
SEL MB1 Select memory bank 1 1 1 
ENTO CLK Enable clock output on TO 1 1 
NOP No operation 1 1 


Mnemonics copyright Intel Corporation 1976 
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18048/8748/8035L 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias... .- 40°C to + 85°C *COMMENT: Stresses above those listed under “Absolute Maximum 
Storage Temperature............. - 65°C to + 125°C Ratings” may cause permanent damage to the device. This is a stress 
Voltage On Any Pin With Respect rating only and functional operation of the device at these or any other 

to Ground -~0.5V to + 7V conditions above those indicated in the operational sections of this 


—— : specification is not implied. 
Power Dissipation... ......cccesceenseneesn 1.5 Watt 


D.C. AND OPERATING CHARACTERISTICS 
Ta= —40°C to +85°C, Voc=Vpp= + 5V + 10%, Vgg=0V 


Va Input Low Voltage (All Except RESET, XTAL1, XTAL2) 


= 
3. 
a 
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TC 
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z lee 
7 a [vee] v_ 
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18048/8748/8035L 


WAVEFORMS 


Instruction Fetch From External Program Memory 


ALE 


PSEN 


tia ad | | 


| 
c.' 3 FLOATING 


I< tro * 
tap — 


- _ tor <—_— 


tr 2 FLOATING 


INSTRUCTION 


BUS FLOATING 


ADDRESS 


Write to External Data Memory 


: a Sees ee © 
i ‘oc a! ca = 
——— Uv, CC 


tow —+—> —p»}— two 


gems | 
ADDRESS FLOATING DATA FLOATING 


ALE 


BUS FLOATING 


A.C. CHARACTERISTICS 


Ta= — 40°C to + 85°C, Voc =Vpp= + 5V +10%, Vss= 


OV 


Read From External Data Memory 


|< 


ef tie 
| FLOATING 


| 
| | 
FLOATING KADDRESS { ~  Xoata) FLOATING 


7 tap >| 


taro >| 


\~? 


>| 


tao 


Input and Output Waveforms for A.C. Tests 


2.4 
72.0 
“0.8 


RST TEST POINTS 


0.45 


| Min. | Max. | Min. | Max. 
tcc | Control Pulse Width(PSEN,RD,WR) | 400/ ~—'| 600 | ~—|_ns | 


Note 1: Contro! Outputs: C; = 80 pF 
BUS Outputs: Cy = 150 pF 


tcy = 2.5 us for 8048/8035L 
4.17 us for 8748/8035 
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18048/8748/8035L 


A.C. CHARACTERISTICS 
Ta= — 40°C to + 85°C, Voc = 5V + 10%, Vss = OV 


ter PROG to Time P2 Input Must Be Valid ae aa 
tey Port 2 I/O Data Setup | ons 
a aa 


tip Port 2 I/O Data Hold 


PORT 2 TIMING 


‘cA = 


EXPANDER 
PORT 


ouTPUT port 2y;oata NM  portcontro. YY —— outpuroara 
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18048/8748/8035L 


CRYSTAL OSCILLATOR MODE 


0—15 pF 
(INCLUDES XTAL 
SOCKET, STRAY) 


3] xTAL2 


15 — 25 pF 
(INCLUDES SOCKET, 
STRAY) 


T 


CRYSTAL SERIES RESISTANCE SHOULD BE <75Q AT 6 MHz; <1802 AT 3.6 MHz. 


DRIVING FROM EXTERNAL SOURCE 


BOTH X1 AND X2 SHOULD BE DRIVEN. 
RESISTORS TO Vcc ARE NEEDED TO ENSURE Vjy = 3.8V IF TTL CIRCUITRY IS 
USED. THE MINIMUM HIGH AND THE MINIMUM LOW TIMES ARE 45%. 


LC OSCILLATOR MODE 


L com NOMINAL f 
45uH 20pF 5.2 MHz 
120uH 20pF 3.2 MHz 


eeeeh aes 
~ 2nV LC? 


C’= C+3Cpp 


Cpp = 5-10 pF PIN-TO-PIN 
CAPACITANCE 


EACH C SHOULD BE APPROXIMATELY 20 pF, INCLUDING STRAY CAPACITANCE. 


PROGRAMMING, VERIFYING, AND 
ERASING THE 8748 EPROM 


Programming Verification 


In brief, the programming process consists of: activat- 
ing the program mode, applying an address, latching the 
address, applying data, and applying a programming 
pulse. Each word is programmed completely before 
moving on to the next and is followed by a verification 
step. The following is a list of the pins used for program- 
ming and a description of their functions: 


Pin Function 
XTAL 1 Clock Input (1 to 6 MHz) 
RESET Initialization and Address Latching 
TEST 0 Selection of Program or Verify Mode 
EA Activation of Program/Verify Modes 
BUS Address and Data Input 

Data Output during Verify 

P20-1 Address Input 
Vpop Programming Power Supply 
PROG Program Pulse Input 


WARNING: 


An attempt to program a mis-socketed 8748 will result in 
severe damage to the part. An indication of a properly 
socketed part is the appearance of the ALE clock out- 
put. The lack of this clock may be used to disable the 
programmer. 


The Program/Verify Sequence is: 


1. Vpp =5V, clock applied or internal oscillator oper- 
ating, RESET=0V, TEST 0=5V, EA=5V, BUS and 
PROG floating. 


. Insert 8748 in programming socket. 


. TEST 0=OV (select program mode). 
. EA= 28V (activate program mode). 

. Address applied to BUS and P20-1. 
. RESET =5V (latch address). 

. Data applied to BUS. 

. Vpp = 25V (programming power). 

. PROG= OV followed by one 50 ms pulse to 23 V. 
. Vpp = BV. 

. TEST 0=5V (verify mode). 

. Read and verify data on BUS. 

. TEST O=O0V. 

. RESET =0V and repeat from step 5. 


. Programmer should be at conditions of step 1 when 
8748 is removed from socket. 


Oo ON OO & W PP 


ee ee ee ae 
aot WwW MYO —- CO 
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18048/8748/8035L 


AC TIMING SPECIFICATION FOR PROGRAMMING 
Ta = 25°C + 5°C, Voc = 5V + 5%, Vop = 25V + 1V 


Symbol [| __——~—s~Parameter—=—=S|= Min. ‘| Max. | Unit | Test Conditions 
taw Address Setup Time to RESET tf | atcey | | 


t ww RESET Pulse Width to Latch Address | 4tcey | 


Note: If Test 0 is high too can be triggered by RESET ! 


DC SPECIFICATION FOR PROGRAMMING 
Ta = 25°C + 5°C, Voc = 5V + 5%, Vop = 25V + 1V 


Symbol [| __Parameter——~——+(| Min. | Max. | Unit | Test Conditions 
Vex___| PROG Program Voltage High Level | 21.5 | 24.5 | OV 

Veun | EA Program or Verify Voltage High Level__| 215 8748 
Veans | At Verify Voltage High Level | 114 8048 
lbp Vpp High Voltage Supply Current P= 


tht 
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WAVEFORMS FOR PROGRAMMING 


COMBINATION PROGRAM/VERIFY MODE (EPROM’S ONLY) 
23V 
EA 
5V 
eae PISA —_—$___l«—_—_—— VERIFY —— PROGRAM —————— 
ttw ————— 


TO 


RESET 


taw twa — too a 


ADDRESS DATA TO BE = DATA NEXT ADDR 
DBo-DB7 — (0-7) VALID PROGRAMMED VALID = VALID — VALID 


LAST NEXT 
P29-Py ADDRESS ADDRESS (8-9) VALID ADDRESS 


VERIFY MODE (ROM/EPROM) 


TO,RESET \ / \ / \ 
a en ADDRESS DATA OUT __ NEXT NEXTDATA \ _ 
——" (0-7) VALID VALID ADDRESS OUT VALID 
P29-P ADDRESS (8-9) VALID NEXT ADDRESS VALID 


NOTES: 

1. PROG MUST FLOAT IF EA IS LOW (i.e., #23V), OR IF TO = 5V FOR THE 8748. FOR THE 
8048 PROG MUST ALWAYS FLOAT. 

2. X1 AND X2 DRIVEN BY 3 MHz CLOCK WILL GIVE 5usec. tcy. THIS IS ACCEPTABLE FOR 
-8 PARTS AS WELL AS STANDARD PARTS. 


The 8748 EPROM can be programmed by either of two Note: See the ROM/PROM section for 8048 ROM ordering procedures. 

Intel products: To minimize turnaround time on the first 25 pieces 8648 may be 
specified on the ROM order. 

1. PROMPT-48 Microcomputer Design Aid, or 


2. Universal PROM Programmer (UPP series) peripheral 
of the Intellec® Development System with a UPP-848 
Personality Card. 
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ADVANCE INFORMATION 


I8048H 
NEW HIGH PERFORMANCE 
HMOS SINGLE COMPONENT 8-BIT MICROCOMPUTER 


INDUSTRIAL 


@ 18048H Mask Programmable ROM 
& RAM Power Down Mode 

@ Interchangeable with 8748 

@ 8 MHz Operation 


# 8-Bit CPU, ROM, RAM, I/O in Single 
Package 
@ High Performance HMOS 


™ Reduced Power Consumption, Typically 
50 mA, 100 mA at Extended Temperature 


@ 1.9 usec Cycle 
All instructions 1 or 2 Cycles 


@ Over 90 Instructions: 70% Single Byte 


#1Kx8ROM 
64 x 8 RAM 
27 I/O Lines 


@ Interval Timer/Event Counter 
@ Easily Expandable Memory and I/O 


= Compatible with 8080/8085 Series 
Peripherals 


@ Two Single Level Interrupts 


m@ -40°C to 85°C Operation 


The Intel® 8048H is a totally self-sufficient, 8-bit parallel computer fabricated on a single silicon chip using Intel’s 
advanced N-channel silicon gate HMOS process. 

The 8048H contains a 1K x 8 program memory, a 64 x 8 RAM data memory, 27 I/O lines, and an 8-bit timer/counter in 
addition to on-board oscillator and clock circuits. For systems that require extra capability the 8048H can be ex- 
panded using standard memories and MCS-80®/MCS-85® peripherals. The 8035HL is the equivalent of the 8048H 
without program memory and can be used with external ROM and RAM. 

To reduce development problems to a minimum and provide maximum flexibility, a logically and functionally pin- 
compatible version of the 8048H with UV-erasable user-programmable EPROM program memory is available. The 
8748 will emulate the [8048H up to 6 MHz clock frequency with minor differences. 

The 18048H is fully compatible with the 18048 when operated at 6 MHz. 

These microcomputers are designed to be efficient controllers as well as arithmetic processors. They have extensive 
bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory 
results from an instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in length. 


64 WORDS { 
DATA XTAL 
MEMORY 


1024 WORDS 
PROGRAM 


MEMORY L: 


RESET ——e 


SINGLE 


STEP READ 


EXTERNAL 
MEM 


ol 


INTERRUPT —o 


18048H 


WRITE 


PROGRAM 
STORE 
ENABLE 


ADORESS 
LATCH 
ENABLE 
EVENT COUNTER 


27 
1/O LINES 


PORT 
EXPANDER 
STROBE 


Figure 1. 
Block Diagram 


Figure 3. 
Pin Configuration 


Figure 2. 
Logic Symbol 
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18049/8039 
HIGH PERFORMANCE 
SINGLE COMPONENT 8-BIT MICROCOMPUTER 


INDUSTRIAL 


*8049 Mask Programmable ROM 
*8039 External ROM or EPROM 
*6 MHz Operation 


ws 8-Bit CPU, ROM, RAM, I/O in ew 2K x 8 ROM 
Single Package 128 x 8 RAM 
a Single 5V + 10% Supply 27 I/O Lines 
= 2.5 usec Cycle; All Instructions w Interval Timer/Event Counter 
1 or 2 Cycles we Easily Expandable Memory and I/O 
w Over 90 Instructions: 70% Single Byte = Compatible with MCS® Memory and I/O 
w Pin Compatible with 8048/8748 w Single Level Interrupt 


The Intel® 18049/8039 is totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using Intel’s 
N-channel silicon gate MOS process. 


The 8049 contains a 2K x 8 program memory, a 128 x 8 RAM data memory, 27 I/O lines, and an 8-bit timer/counter in 
addition to on-board oscillator and clock circuits. For systems that require extra capability, the 8049 can be expanded 
using standard memories and MCS-80® /MCS-85® peripherals. The 8039 is the equivalent of an 8049 without program 
memory. 


To reduce development problems to a minimum and provide maximum flexibility, two interchangeable pin-compatible 
versions of this single component microcomputer exist: the 8049 with factory-programmed mask ROM program 
memory for low-cost high volume production, and the 8039 without program memory for use with external program 
memories in prototype and preproduction systems. 


This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8049 has exten- 
sive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory 
results from an instruction set consisting mostly of single byte instructions and no instructions over two bytes in 
length. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


2048 WORDS 
PROGRAM 
MEMORY 


128 WORDS 
DATA 
MEMORY 


RESET 


SINGLE 
STEP READ 


EXTERNAL 
MEM 


rs} 


INTERRUPT —> 


WRITE 


PROGRAM 
STORE 
ENABLE 


ADDRESS 
LATCH 


ania EVENT COUNTER 


27 
1/O LINES 


PORT 
EXPANDER 
STROBE 
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Table 1. Pin Description 


a 


Output strobe activated during a 
BUS read. Can be used to enable 
data onto the BUS from an external 


Main power nae +5V during device. 


operation. Used as a Read Strobe to External 


Data Memory. (Active low) 
Output strobe for 8243 I/O 


expander. Input which is used to initialize the 


processor. Also used during verifi- 
cation, and power down. (Active 


8bit quasi-bidirectional port. low) (Non TTL Viy) 


P20-P23 contain the four high Output strobe during a BUS write. 
(Active low) 


P10-P17 27-34 


order program counter bits during 
an external program memory fetch Used as write strobe to External 
and serve as a 4-bit I/O expander Data Memory. 


bus for 8243 Address Latch Enable. This signal 
True bidirectional port which can occurs once during each cycle and 
be written or read synchronously is useful as a clock output. 

using the RD, WR strobes. The 
port can also be statically latched. 


Si 
PA io 
~J 


The negative edge of ALE strobes 
address into external data and pro- 
Contains the 8 low order program gram memory. 

counter bits during an external 
program memory fetch, and receives 
the addressed instruction under the 
control of PSEN. Also contains the 
address and data during an external Single step input can be used in con- 
RAM data store instruction, under junction with ALE to “single step”’ 
control of ALE, RD, and WR. the processor through each in- 
struction. (Active low) 


Program Store Enable. This output 
occurs only during a fetch to exter- 
nal program memory. (Active low) 


Input pin testable using the con- 
ditional transfer instructions JTO External Access input which forces 
and JNTO. TO can be designated as all program memory fetches to re- 


a clock output using ENTO CLK ference external memory. Useful 
instruction. for emulation and debug, and 

: essential for testing and program 
Input pin testable using the JT1, verification. (Active high) 
and JNT1 instructions. Can be des- 


ignated the timer/counter input using One side of crystal input for inter- 
the STRT CNT inetruction. nal oscillator. Also input for exter- 
nal source. (Not TT L Compatible) 


Interrupt input. Initiates an inter- - - 
Other side of crystal input. 


rupt if interrupt is enabled. Inter- 
rupt is disabled after a reset. Also 
testable with conditional jump 
instruction. (Active low) 
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18049/8039 PRELIMINARY 
INSTRUCTION SET 
Mnemonic Description Bytes Cycle Mnemonic Description Bytes Cycles 
ADD A, R Add register to A 1 1 £ CALL Jump to subroutine 2 2 
ADD A, @R Add data memory to A 1 1 @ RET Return 1 2 
ADD A, #data Add immediate to A = 2 2 RETR Return and restore status 1 2 
ADDCA,R Add register with carry 1 1 ” 
ADDC A, @R Add data memory with carry 1 1 
ADDC A, #data Add immediate with carry 2 2 CLR C Clear Carry 1 1 
ANLA,R And register to A 1 1 _~ rte Complement Carry 1 1 
ANL A, @R And data memory to A 1 1 § CLRFO Clear Flag 0 1 1 
ANL A, #data And immediate to A 2 2 u CPL FO Complement Flag 0 1 1 
ORLA, R Or register to A 1 1 CLR FI Clear Flag 1 1 1 
$ ORL A, @R Or data memory to A 1 1 CPL FI Complement Flag 1 1 1 
2 ORLA, #data Or immediate to A 2 2 
2 XRLA,R Exclusive Or register toA 1 1 MOV A, R Mave registe-to. vi 1 1 
2 XRL A, @R Exclusive or data memory toA 1 1 MOV A, @R Nowe date enemory to A 1 1 
XRLA, #data Exclusive or immediate to A 2 2 MOV A dideta Kove imadiate eo:-K 2 2 
INCA Increment A 1 1 ‘ : 
DEC A eeerys 1 1 MOV R,A Move A to register 1 1 
CLRA Clear A 1 1 MOV @R,A Move A to data memory 1 1 
CPLA Camplorant A 1 1 2 MOV R, #data Move immediate to register 2 2 
DAA Declraal Adiust A 1 1 3 MOV @R, #data Move immediate to datamemory 2 2 
SWAP A Sova ritbbles of A 1 1 s Move A,PSW Move PSWtoA 1 1 
RLA Sagara A lie 1 1 s MOV PSW,A Move A to PSW . 1 1 
RLCA Rotate A left through carry 1 1 a ne exchange Avand register 1 y 
RRA Rotate A right 1 1 XCHA,@R Exchange seb data memory 1 1 
RRCA Flotete A right dough carry 1 1 XCHD A,@R_~ Exchange nibble of Aandregister 1 1 
MOVX A, @R- Move external data memory to A 1 2 
MOVX @R,A Move Atoexternal datamemory 1 2 
INA, P Input port to A 1 2 MOVP A, @A_ Move to A from current page 1 2 
OUTLP,A Output A to port 1 2 MOVP3 A, @A_ Move to A from Page 3 1 2 
ANL P, #data And immediate to port 2 2 
~ * > 
FA ORL P, #data Or immediate to port 2 2 MOV A. T Read Timer/Counter ' ‘ 
6 Leaping lodnnes eae ES ! 3 MOVT,A Load Timer/Counter 1 1 
~ OUTL BUS, A Output A to BUS 1 2 2 STRT T Start Timer ‘ ‘ 
a ANL BUS, #data And immediate to BUS 2 2 8 sTRT CNT ican dtesendae ' ' 
£ ORL BUS,#data Or immediate to BUS 2 2 ; arent Sees hart ' 
MOVD A, P Input Expander port to A 1 2 = cnttlpllnciieaidcidinal 
MOVD P, A Outout A to Expander port 1 2 = EN TCNTI Enable Timer/Counter Interrupt 1 1 
ANLDP, A And A to Exoander port 1 2 DIS TCNTI Disable Timer/Counter Interrupt 1 1 
ORLD P,A Or A to Expander port 1 2 
EN | Enable external interrupt 1 1 
4 INCR Increment register 1 1 _ DIS 1 Disable external interrupt 1 1 
- INC @R Increment data memory 1 1 : omy oe mele nse ae ° ; 
: elect register ban 
Rei eas epi wh & seL mBo Select memory bank 0 1 1 
SEL MB1 Select memory bank 1 1 1 
JMP addr Jump unconditional 2 2 ENTO CLK Enable Clock output on TO 1 1 
JMPP @A Jump indirect 1 r 
DJNZ R, addr Decrement register and skip 2 2 : 
JC addr Jump on Carry = 1 2 2 ional Ne Sipsration 1 1 
JNC addr Jump on Carry = 0 2 4 
JZ addr Jump on A Zero 2 2 
JNZ addr Jump on A not Zero 2 Fs 
§ JTOaddr Jump on TO = 1 2 2 
& JNTO addr Jump on TO = 0 2 2 
& JT1 addr Jump on T1 = 1 2 2 
JNT1 addr Jump on T1=0 2 2 
JFO addr Jump on FO = 1 2 2 
JF 1 addr Jump on F1 = 1 2 2 
JTF addr Jump on timer flag 2 2 
JNI addr Jump on INT = 0 2 2 
JBb addr Jump on Accumulator Bit 2 2 


Mnemonics copyright Intel Corporation 1976, 1977, 1978 
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ABSOLUTE MAXIMUM RATINGS* “NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to 
Ambient Temperature Under Bias ..... -40°C to +85°C the device. This is a stress rating only and functional 
Storage Temperature ............... -65°C to +150°C operation of the device at these or any other conditions 
above those indicated in the operational sections of this 


Voltage on Any Pin With tii ' 
RespecttoGround ..........0..eeeeeeees -0.5Vto+7V specification is not implied. Exposure to absolute max- 


imum rating conditions for extended periods may affect 
device reliability. 


D.C. CHARACTERISTICS T, = -40°C to +85°C, Voc = Vpp = +5V + 10%, Vsg= OV 


Symbol Parameter | Min. | Typ. | Max. Test Conditions 


ViH Input High Voltage 
(All Except XTAL1, XTAL2, RESET) Vec V 
V 


VoL Output Low Voltage 
(BUS, RD, WR, PSEN, ALE) V lo. = 1.6 ma 
Vou! Output Low Voltage 
(All Other Outputs Except PROG) V lo. = 1.2 ma 
a ee 


POWSr DISSIPATION ciccvicsctesvvendeaesaeves 1.5 Watt 


VoL2 Output Low Voltage (PROG) lo, = 0.8 ma 


VoH Output High Voltage 
(BUS, RD, WR, PSEN, ALE) V lon = -80 ya 


VoH1 Output High Voltage 
(All Other Outputs) 2.4 V lon = -30 wa 
Nie Input Leakage Current 
(T1, INT) +10 MA VssSVinSVecc 
IOL Output Leakage Current (Bus, TO) 
(High Impedance State) Vss + 0.45< Vin SVee 
lpp Power Down Supply Current Lt | 50 | mA | Ta = 25°C 
Ippt!cc| Total Supply Current a Ta = 25°C 


A.C. CHARACTERISTICS Ty = -40°C to +85°C, Vec = Vpp = +5V +10%, Vg = OV 


14+ 
—> 
i=) 
zr 
> 


taw Address Setup to WR 


tap Address Setup to Data In a 
até Address Float to RD, PSEN ial | 


Notes: 1. 8039-6 specifications are also valid for 8049/8039 operating at 6MHz. 


2. Control Outputs: C, = 80pF 


BUS Outputs: Cy = 150pF 9-28 AFN-00737-04 


ef ooo Conditions (Note 2) 
te | ALE Pulsewidth | 200 || ns 
taL eo | | ns | 
tta_| Address Hold fromate | 80 | ns 
tcc_| Control Pulse Width (PSEN, RD, WA) | 400 | | ns _ 
tow | _DataSetUpBeforewR | 20 | | ns 
two | DataHold AfterWR | 80 | | ons_ | C= 200F 
[ome Pel Tegsree 
1D8049) 
tor | DataHold | | 200 | ns 
tao | _PSEN,RDtoDatain || 400 | ns 
| | ns 
| 600 | ns | 
| | ns 
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WAVEFORMS 


INSTRUCTION FETCH FROM EXTERNAL PROGRAM MEMORY 


ALE 


PSEN 


BUS FLOATING 


READ FROM EXTERNAL DATA MEMORY 


sy ee ee 
to 


TS Seon 


tarc Snel = | 


FLOATING 


FLOATING ADDRESS { “ Xoata) FLOATING 


am — tan ——_~> 


WRITE TO EXTERNAL DATA MEMORY 


ALE | | | | 
ee 


tow — two 


BUS FLOATINGX ADDRESS (FLOATING K DATA ) FLOATING 


—+— taw 
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A.C. CHARACTERISTICS 
Ta = -40°C to +85°C, Vcc = Vpp = +5V +10%, Vss = OV 


symtct|_ parameter | in. | wax. | nit | Condtions ote 
top Port Control Setup Before Falling 
Edge of PROG 
tec Port Control Hold After Falling Edge 
of PROG 
tor PROG to Time P2 Input Must Be Valid | — | 860 | ns | 
top Output Data Setup Time | 230 | | ns | 
tp Output Data Hold Time | 25 | | ns | 
je |. neu Deine Tne Poeeiee. | ae 
te PROG Pulse Width | 920 | | ns | 
tet Port 2 /O Data Setup | 300 | | ns 
tip Port 2 I/O Data Hold | 120 | | ns | 
WAVEFORMS 
PORT 2 TIMING 
ALE 
EXPANDER | - - 


PORT | 


( 


g 
g 


PORT CONTROL 4 OUTPUT DATA > 


PORT 


4 


| tcp 


| 
EXPANDER | 


PROG 
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CRYSTAL OSCILLATOR MODE LC OSCILLATOR MODE 
a C NOMINAL T oan 
20H 20pF 32 MH = 


Cpp => 5-10 pF PIN-TO-PIN 


CAPACITAN 
C1 = 5pF + “pF + STRAY < 5pF = 


C2 = CRYSTAL + STRAY < 8pF 
C3 = 20pF + 1pF + STRAY < 5pF 


CRYSTAL SERIES RESISTANCE SHOULD BE LESS THAN 752 AT 6MHz; LESS EACH C SHOULD BE APPROXIMATELY 20 pF, INCLUDING STRAY CAPACITANCE. 
THAN 1802 AT 3.6MHz. 


DRIVING FROM EXTERNAL SOURCE 


+ 5V 


FOR XTAL 1 AND XTAL 2 DEFINE “HIGH” AS VOLTAGES ABOVE 1.6V AND “LOW” BE HIGH 35-65% OF THE PERIOD. 
AS VOLTAGES BELOW 1.6V. THE DUTY CYCLE REQUIREMENTS FOR EXTERNALLY FOR THE 8748, XTAL MUST BE HIGH 45-50% OF THE PERIOD AND XTAL 2 MUST 
DRIVING XTAL 1 AND XTAL 2 USING THE CIRCUIT SHOWN ABOVE ARE AS BE HIGH 50-55% OF THE PERIOD. 
FOLLOWS: RISE AND FALL TIMES MUST NOT EXCEED 20 ns. 


FOR THE 8048, XTAL 1 MUST BE HIGH 35-65% OF THE PERIOD AND XTAL 2 MUST 
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18049H/8039H 
NEW HIGH PERFORMANCE 
SINGLE COMPONENT 8-BIT MICROCOMPUTER 
INDUSTRIAL 


@ 18049H Mask Programmable ROM 
@ 18039H Requires External ROM or EPROM 
@ 11 MHz Operation 


= 8-Bit CPU, ROM, RAM, I/O in Single @ 2K x 8 ROM 
Package 128 x 8 RAM 
& Single 5V + 10% Supply 27 1/0 Lines 
@ 1.36 sec Cycle; All instructions 1 or 2 @ Interval Timer/Event Counter 
Cycles @ Easily Expandable Memory and I/O 
@ Over 90 Instructions: 70% Single Byte = Compatible with MCS Memory and I/O 
@ Pin Compatible with 8048/8748 = Single Level Interrupt 


The Intel® 8049/8039 is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using Intel’s 
N-channel silicon gate MOS process. 

The 8049 contains a 2K x 8 program memory, a 128 x 8 RAM data memory, 27 I/O lines, and an 8-bit timer/counter in 
addition to on-board oscillator and clock circuits. For systems that require extra capability, the 8049 can be expanded 
using standard memories and MCS-80®/MCS-85® peripherals. The 8039 is the equivalent to an 8049 without pro- 
gram memory. 

To reduce development problems to a minimum and provide maximum flexibility, two interchangeable pin- 
compatible versions of this single component microcomputer exist: the 8049 with factory-programmed mask ROM 
program memory for low-cost high volume production, and the 8039 without program memory for use with external 
program memories in prototype and preproduction systems. 

This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8049 has exten- 
sive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory 
results from an instruction set consisting mostly of single byte instructions and no instructions over two bytes in 
length. 


128 WORDS 
DATA 
MEMORY 


2048 WORDS 
PROGRAM 
MEMORY 


ad 


SINGLE 
STEP READ 


EXTERNAL 
MEM 


rest 


INTERRUPT 


18039H 


18039H 
18049H WRITE 18049H 


PROGRAM 
STORE 
ENABLE 


ADDRESS 
LATCH 
ENABLE 


PORT 
EXPANDER 
STROBE 


Figure 1. Figure 2. Figure 3. 
Block Diagram Logic Symbol Pin Configuration 
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SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR 


INDUSTRIAL 
= Industrial Temperature Range: w On-Chip System Controller; Advanced 
—40 to + 85°C Cycle Status Information Available for 
Large System Control 
= Single +5V Power Supply = Four Vectored Interrupt Inputs (One is 


Non-Maskable) Plus an 8080A- 
Compatible Interrupt 


: : 
# 100% Software Compatible with 8080A = Serial In/Serial Out Port 


= 1.3 us Instruction Cycle = Decimal, Binary and Double Precision 
Arithmetic 
a On-Chip Clock Generator (with External = Direct Addressing Capability to 64k 
Crystal, LC or RC Network) Bytes of Memory 


The Intel® I8085A is a complete 8-bit parallel Central Processing Unit (CPU). Its instruction set is 100% software com- 
patible with the 8080A microprocessor, and it is designed to improve the present 8080A’s performance by higher 
system speed. Its high level of system integration allows a minimum system of three ICs [8085A (CPU), 8156 (RAM I/O), 
and 8355/8755A (ROM/PROM/IO)] while maintaining total system expandability. 


The I8085A incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) provided for the 
8080A, thereby offering a high level of system integration. 


The I8085A uses a multiplexed data bus. The address is split between the 8-bit address bus and the 8-bit data bus. The 
on-chip address latches of 8155/8156/8355/8755A memory products allow a direct interface with the I8085A. 


INTA RST6.5 TRAP 
INTR RST7.5 SID SOD 


INTERRUPT CONTROL SERIAL 1/0 CONTROL 
8-BIT INTERNAL DATA BUS | 


INSTRUCTION 
DECODER 


Vcc 

HOLD 
HLDA 
CLK (OUT) 


ACCUMULATOR 
(8) 


ARITHMETIC 
LOGIC 


UNIT 
(ALU) 
(8) 


REGISTER 
ARRAY 


AND 
MACHINE 


CYCLE 
ENCODING (16) 
STACK POINTER 
(16) 
PROGRAM COUNTER 


INCREMENTER/DECREMENTER 
ADDRESS LATCH 


POWER iP +5V 


SUPPLY | —» GND (16) 


TIMING AND CONTROL 


ADDRESS BUFFER e DATA/ADDRESS BUFFER ©) 


X1 - 
X2 


RESET 
GEN CONTROL STATUS DMA a 


RESET OUT 


R ALE SoS; 10/M HLDA 
READY HOLD RESET IN 


CLK OUT 


Ais-As AD7-ADg 
ADDRESS BUS ADDRESS/DATA BUS 


Figure 1. Block Diagram Figure 2. 
Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias ...... —40°C to 85°C 
Storage Temperature ............... —65°C to +150°C 
Voltage on Any Pin 

With Respect to Ground ............... —0.3 to +7V 
PUWSL DIGSIDAUON: pci es ccdedsd yaad de anwendiss 1.5 Watt 


*NOTICE: Stresses above those listed under ‘‘Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or other conditions above those 
indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 


D.C.CHARACTERISTICS (Ta = —40°C to 85°C, Voc = 5V +5%, Vgg = OV; unless otherwise specified) 


Power Supply Current 


loc 
| 


Input Leakage 


NOTE: 
1. The I8085A will operate as a 8085A-2 from 0°C to 70°C. 


[Symbot [Parameter «Min Me On 
[vi | tenttow Vonage its | we | vv | 
[Vin | trout High Vonage «dS? | ‘Vegas | vO 
[Vou | Output Low Voase | 


V9 = 4008 
Se PO 
| trout kage YO |g 
Tun | tout Low nei RESET [os | we [vf 
[Vin | Wout High Level RESET | 24 | Vegas |v [SSS 


Test Conditions 


0.45V < Vout < Vec 


ee See 


Table 2. Bus Timing Specification as a Tcyc Dependent 


(1/2) T - 50 
(1/2) T - 60 
(1/2) T - 40 
= (1/2) T - 60 
— (1/2) T - 30 


(5/2 + N) T - 225 


NOTE: 
N is equal to the total WAIT states. 


T= tevc. 


twp — (1/2) T- 80 MIN 
= —  (3/2+N) T- 80 MIN 
fy, — (1/2) T- 110 MIN 
tuack —  (1/2)T-50 MIN 
tage  —  (1/2)T+30 MAX 
tuage —  (1/2)T+30 MAX 
boi — (2/2) T - 50 MIN 
t, =~ (1/2) T- 80 MIN 
bry =~ (3/2) T - 80 MIN 
7 — (1/2) T + 200 MIN 
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intel 18085A 


A.C. CHARACTERISTICS (Ta = —40°C to 85°C, Vcc = 5V +5%, Vgg = OV) 


CLK Cycle Period 
CLK Low Time 


Tove 


re 


2 


w 


t 
t 
t 


r 
A 


+ | ot 
F |S 


Trailing Edge of ALE to Leading Edge of 130 
Control 

Address Float After Leading Edge of 

READ (INTA) 


A 


t 
t ayo 
t 300 


READ (or INTA) to Valid Data 


- 
?) 


trak Trailing Edge of READ to Re-Enabling 
of Address 


Address (A8-A15) Valid After Control 
D Data Valid to Trailing Edge of WRITE 420 
Cc 


C 


trRponH Data Hold Time After READ (INTA) 


t 
t 
t 
: 


Trailing Edge of Control to Leading Edge 
of ALE 


READY Valid From Address Valid 
trys READY Setup Time to Leading Edge of CLK 
tayy READY Hold Time 


tuack HLDA Valid to Trailing Edge of CLK 
Bus Float After HLDA 


1 
, ty 

L 

FR 
AD Valid Address to Valid Data In 
RD 

A 

W 

D 
GG 

L 


t 


W Data Valid After Trailing Edge of WRITE 


NO 
NO 
i=) 


nn 


N 
() 


THABE 210 


Control Trailing Edge to Leading Edge of 
Next Control! 


Address Valid to Leading Edge of Control | 270 | 


trv 


a HOLD Setup Time to Trailing Edge of CLK | 170 | | 


tins INTR Setup Time to Leading Edge of CLK 360 
(M1, T1 only). Also RST and TRAP 


INTR Hold Time 


tiNH 


e+ + 
> > 
O D 

< 


NOTES: 

1. A8-15 address specs apply to |O/M, SO and S1. A8-15 are undefined during ts—tg of OF cycle whereas IO/M Sp and S, are stable. 

2. For all output timing where C, = 150pf use the following correction factors:25pf < C, < 150pf : —.10 ns/pf; 150pf < C, < 300 pf : 
+.30 ns/pf. 

. Output timings are measured with purely capacitive load. 

. All timings are measured at output voltage V,_ = .8V, Vy = 2.0V, and 1.5V with 20ns rise and fall time on inputs. 

. All timings are measured at input voltage Vj, = .45V, Viy = 2.4V. 

. To calculate timing specifications at other values of Tcyc use the table in Table 2. 

L.E. = leading edge; T.E. = trailing edge. 


NOOAO 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 DEVICE 
UNDER 


> TEST POINTS < TEST 


0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC “1° AND 0.45V FOR 
A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC °1” C, = 150 pF 


AND 0.8V FOR A LOGIC “0. C, INCLUDES JIG CAPACITANCE 
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INDUSTRIAL iAPX 86/10 
16-BIT HMOS MICROPROCESSOR 


INDUSTRIAL 
= Direct Addressing Capability to a 8-and 16-Bit Signed and Unsigned 
1 MByte of Memory Arithmetic in Binary or Decimal 


Including Multiply and Divide 
a Assembly Language Compatible with 


8080/8085 ma 5 MHz Clock Rate 

= 14 Word, by 16-Bit Register Set with a MULTIBUS™ System Compatible 
Symmetrical Operations Interface 

a 24 Operand Addressing Modes = Industrial Temperature Range: 


— 40°C to +85°C 
a Bit, Byte, Word, and Block Operations 


The Intel® Industrial iAPX 86/10 is a new generation, high performance 16-bit microprocessor implemented in N-channel, 
depletion load, silicon gate technology (HMOS), and packaged in a 40-pin CerDIP package. The processor has attributes o 
both 8- and 16-bit microprocessors. It addresses memory as a sequence of 8-bit bytes, but has a 16-bit wide physical path to 
memory for high performance. 


EXECUTION UNIT BUS INTERFACE UNIT 


RELOCATION 
REGISTER FILE REGISTER FILE 


SEGMENT 
REGISTERS 


AND 
INSTRUCTION 


(8 WORDS) POINTER GND UU Vcc 
(5 WORDS) AD14 [] AD15 
Ap13 A16/S3 
Ad12 ( A17/S4 
sare ani A18/S5 
: AD10 ( A19/S6 
; apg BHE/S7 
face | Abs ( MNIMX 
Ao7 C RD 
AD6 RQ/GTO (HOLD) 
ADS RQ/GT1 (HLDA) 
AD4 U LOCK (WR) 
ap3 $2 (M/IO) 
Abd2 ( $1 (DT/R) 
ani SO (DEN) 
Abo ( Qso_ (ALE) 
NMI (J QSi__—(INTA) 
INTR [J TEST 
CLK READY 
GND [] 211] RESET 
CONTROL & TIMING 
CLK RESET READY MN/MX GND 
Vcc 
Figure 1. Block Diagram Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 


.- 40°C to + 85°C 
— 65°C to + 150°C 


Ambient Temperature Under Bias... 
Storage Temperature 
Voltage on Any Pin with 

Respect to Ground 
Power Dissipation 


SSG UDOEHR EZRA DE 


ae ea Ree ee 6 6 6 mee we 


-— 1.0 to +7V 
2.5 Watt 


oS PRC Hee eC He SR KDR He CK Ke & 


D.C. CHARACTERISTICS 


Parameter 
Input Low Voltage 


Input High Voltage 


Output Low Voltage 


Nh 


> 


Output High Voltage 


Power Supply Current 
iAPX 86 


Input Leakage Current 


QO 
Oo 


Output Leakage Current 


VoL Clock Input Low Voltage 
Von Clock Input High Voltage 3.9 
Capacitance of Input Buffer 
Cin (All input except _ 
ADy— AD45, RQ/GT) 
C Capacitance of I/O Buffer 
10 


(ADy — AD45, RQ/GT) 
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INDUSTRIAL iAPX 86 


*NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings”’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or other conditions above those 
indicated in the operational sections of this specification 
is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 


(Ta = —40°C to +85°C, Voc = 5V +10%) 


Test Conditions 


loL= 2.0 MA 
lon = — 400 yA 


+0.8 
Voc + 0.5 


. . . . i 


340 mA Ty= 25°C 
+10 0.45V < Vout < Voc 


oe [ov | 
erro vf 
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A.C. CHARACTERISTICS (tT, = —40°C to +85°C, Veg = 5V +10%) 
MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 


iAPX 86 
Parameter M 
TCLCL CLK Cycle Period — 8086 


Data in Setup Time 


TCLR1X RDY Hold Time into 8284 (See Notes, 1, 2) 


TRYHCH READY Setup Time Into 8086 


TCHRYX READY Hold Time Into 8086 
TRYLCL READY Inactive to CLK (See Note 3) 


THVCH HOLD Setup Time 
TINVCH INTR, NMI, TEST Setup Time (See Note 2) 30 
TILIH Input Rise Time (Except CLK 
TIHIL Input Fall Time (Except CLK) 


TIMING RESPONSES 


Test Conditions 


From 1.0V to 35.V 


From 3.5V to 1.0V 


From 0.8V to 2.0V 


From 2.0V to 0.8V 


c 


in. 

10 

10 
30 
10 
35 


(24 TCLCL)-15 


30 
-8 
35 


— iN 
NM |O 


iAPX 86 


Parameter 


Address Valid Delay 
Address Hold Time 
Address Float Delay 

ALE Width 

ALE Active Delay 


Units Test Conditions 


ak || 2x 
o;oO 
oa 
ik 
oO 


TCLAX 
TCLCH-2 


Oo 
i) 


CO 


=f 
2) 
x | 
O 
- 
—_ 
o 
— —_ — _ 
fe) me = =" 
NS O| a ro) °o rs) = 


oO 


TCLDV Data Valid Delay 
TCHDX Data Hold Time 
TWHDX Data Hold Time After WR TCLCH-30 


C, = 20-100 pF for 
all 8086 Outputs 
(In addition to 
8086 self-load) 


TAZAL 


110 


TOLCL-45 
HLDA Valid Delay 1 
RD Width 2TCLCL-75 
WR Width 2TCLCL-60 


TOLOH Output Rise Time ns From 0.8V to 2.0V 


TOHOL Output Fall Time PF s*d 2 | ons | From 2.0V to 0.8V 


NOTES: 

1. Signal at 8284 shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T2 state (8 ns into T3). 


= 
oa 


10 
10 
10 
10 
10 
10 
10 

0 


—_ 


6 


=) 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


DEVICE 
1.5 <«——— TEST POINTS ——— 1.5 TEST. 
Cc. = 100 pF 


0.45 | 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC “1” AND 0.45V FOR 
A LOGIC “0.” THE CLOCK IS DRIVEN AT 4.3V AND 0.25V. TIMING MEASURE- C, = 100 pF 
MENTS ARE MADE AT 1.5V FOR BOTH A LOGIC “1” AND “O. C, INCLUDES JIG CAPACITANCE 


WAVEFORMS 


BUS TIMING — MINIMUM MODE SYSTEM 


Ti T3 Tw 
TCL2CL1 / 


CLK (8284A Output) 


TCHCTV TCLCH — 


TCLAV—> TCHDX > 


BHE/S7, Ai9/Sg-Aie/S3 i 
/TCLLH~> pe 


——+| TAVAL 
TCHLL—| = TRIVCL 


SEE NOTE 4 
AM X 


READY (8086 Input) | 
+— TCHRYX 


TRYHCH—> — 


| 
TCLAZ TOVCL —+~—TCLDX— 


“TCLAX 


( —vatan) IN 


FLOAT 
TAZRL—>| |< al: TRHAV 
READ CYCLE a) 
(NOTE 1) TCHCTV TCLRL TRLRH <—TCHCTV 
=) Te 


TCVCTV— 
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BUS TIMING — MINIMUM MODE SYSTEM (Continued) 


T1 T2 
TCLCL TCH1ICH2 


CLK (8284A Output) 


CL 
— | TCHCTV 


TCLAV+> 


BHEIJS7, Ay9/Sg-Aie/S3 S7-S3 


TCLLH> 


TAVAL 
TCHLL—| 


| TCLDV> wae 
TCLAV > Lagi TCHD 


TCVCTV-> TAVAL + TWHDX 


WRITE CYCLE Ls! TLLAX — a TCVCTX 
(NOTE 1) 


(RD, INTA, 
DT/R = Von) 


TCVCTX— 
TOVCL—> TCLDX 


AD 15-ADo POINTER FLOAT 


TCHETY —e| |*—TCHCTV 


INTA CYCLE 4 


(NOTES 1 & 3) 


RD, WR=Von 
BHE = Vo.) 


TCVCTV— 


TCVCTV—> 


SOFTWARE HALT— 
RD, WR, INTA = Von 
DT/R = INDETERMINATE 


INVALID ADDRESS SOFTWARE HALT 


NOTES: 

1. All signals switch between Vow and Vo, unless otherwise specified. 

2. RDY is sampled near the end of To, T3, Tw to determine if Tw machines states are to be inserted. 

3. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control signals shown 
for second INTA cycle. 

Signals at 8284A are shown for reference only. 

5. All timing measurements are made at 1.5V unless otherwise noted. 


- 
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A.C. CHARACTERISTICS 


MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 
TIMING REQUIREMENTS 


8086/8086-4 
ee ee ee a 


TCLCL | CLKCyclePeriod—8086 | 200 | 800:* | om 
-TCLCH | ClKLowTime | HTCLCL)-15| | ns 
CLK Rise Time ae 
CLK Fall Time So 
Data in Setup Time es 
Data in Hold Time 
RDY Setup Time into 8284 (See Notes 1, 2) 85 
RDY Hold Time into 8284 (See Notes 1,2) | 0 | 

a 

a ae 


From 1.0V to 3.5V 
From 3.5V to 1.0V 


From 0.8V to 2.0V 
From 2.0V to 0.8V 


10 
10 


TRYHCH Ready Setup Time into 8086 
TCHRYX Ready Hold Time into 8086 
TRYLCL READY Inactive to CLK (See Note 4) 


TINVCH Setup Time for Recognition | 30 


(INTR, NMI, TEST) (See Note 2) 
30 
CTILIH | InputRise Time (ExceptOLK) | 
TnL [input FallTime (ExceptCLK) | 


RQ/GT Setup Time 


12 


TIMING RESPONSES 


Parameter 


10 
READY Active to Status Passive (See Note 3) 
10 
10 
Address Valid Delay 

Address Hold Time 

Address Float Delay 

Status Valid to ALE High (See Note 1) 

CLK Low to ALE Valid (See Note 1) 
CLK Low to MCE High (See Note 1) 
MCE Inactive Delay (See Note 1) 

Data Valid Delay 

Data Hold Time 

Control Active Delay (See Note 1) 

Control Inactive Delay (See Note 1) 
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Test Conditions 


ah | ok | ok 
3) |) —s | —s 
o;oO;o 


—_ | ak 


IL C= 20-100 pF for 


__ns_| all'8086 Outputs 
15 | ns_| (Inaddition to 
15 / ons | 8086 self-load) 


ak 
on 


— 


_ 
or; on 


ok 
= 
oO 


— 
oO o;}oO 


on 


—t 
oO 
on 


=k 
Oo 
uo 


10 
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A.C. CHARACTERISTICS (Continued) 


| 8086/8086-4 
Symbol Parameter 7 ng Test Conditions 
in. 
RD Inactive to Next Address Active | TCLCL-45_| 


TCHDTL Direction Control Active Delay (See Note 1) 
TCHDTH Direction Control Inactive Delay (See Note 1) 


TCLGL GT Active Delay ea 
TCLGH GT Inactive Delay ae re 


RD Width 
TOLOH Output Rise Time 
TOHOL Output Fall Time 


From 0.8V to 2.0V 
From 2.0V to 0.8V 


NOTES: 

1. Signal at 8284 or 8288 shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T3 and wait states. 

4. Applies only to T2 state (8 ns into T3). 
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WAVEFORMS 


BUS TIMING — MAXIMUM MODE SYSTEM (USING 8288) 
T3 
TCL2CL1 yy 


feats Pe 

EDC 

$2,$1,50 (EXCEPT HALT) , | Wp se NOTE 8) 
= 


TCHDX + 


| ALE (8288 OUTPUT) 


=—TRIVCL 


RDY (8284A INPUT) = MMM 


TRYLCL—» — 


READY (8086 INPUT) —> =— TCHRYX 
| TRYHSH —> — 


SEE NOTES | 


READ CYCLE soa 


AD45-ADo 


TCHDTL — 


DT/R 


TCLML~> 


8288 OUTPUTS 
SEE NOTES 5,6 


MRDC OR IORC 


DEN 


TCVNX —> 
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WAVEFORMS (Continued) 


BUS TIMING — MAXIMUM MODE SYSTEM (USING 8288) 
(Continued) 


TT T3 
Tw 


1 


WRITE CYCLE cm TCHDX—> 


TCVNV> TCVNX— 


8288 OUTPUTS 
SEE NOTES 5,6 AMWC OR AIOWC 


INTA CYCLE as 
AD15-ADo “I RESERVED FO 


=— TCLMH 


(SEE NOTES 3 & 4) , Sere ADDR 


TCLMCL > 
TSVMCH— = — 
SVMC f 


TCLMCH—| = —+ ‘a cies TCHDTH 


8288 OUTPUTS 
SEE NOTES 5,6 


— =+TCLMH 
—_ \ = TCVNV = 


a i ADC TCVNX—> — 


NOTES: 

1. All signals switch between Voy and Vo, unless otherwise specified. 

2. RDY is sampled near the end of To, T3, Tw to determine if Tw machines states are to be inserted. 

3. Cascade address is valid between first and second INTA cycle. 

4. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control for pointer 
address is shown for second INTA cycle. 

. Signals at 8284A or 8288 are shown for reference only. oS a 

. The issuance of the 8288 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and DEN) lags the 
active high 8288 CEN. 

7. All timing measurements are made at 1.5V unless otherwise noted. 

8. Status inactive in state just prior to Tq. 


oo 
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ASYNCHRONOUS SIGNAL RECOGNITION 


TINVCH (see note 1) 
signal 
TEST 
NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRO- 


NOUS SIGNALS ONLY TO GUARANTEE RECOGNITION 
AT NEXT CLK 


BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY) 


Any CLK Cycle Hy Any CLK Cycle —» 


REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 


— Any CLK Cycle —+|= > 0O-CLK Cycle —+ 
| 


NN VW 


- —TGVCH — 2 TCLCL 
TCLCL —— me ' TCHGX -= -={TCLGL\=< «=TCLGH 
‘PULSE 1 | PULSE 3 
COPROCESSOR PULSE 2 | COPROCESSOR 
a 8086 GT | RELEASE 


Previous grant —o} lL TCLAZ 


AD 5-ADo ——— 
Arg/Sg-Ay6/S3 


COPROCESSOR 
(SEE NOTE 1) 


: 1. THE COPROCESSOR MAY NOT DRIVE THE BUSES OUTSIDE THE REGION 
SHOWN WITHOUT RISKING CONTENTION 


HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 


——2 1CLK CYCLE—, [= -1 OR 2 CYCLES —+| 


NALA 


>— THVCH |<—THVCH 


tt | 
HOLD # | 
i 
a TCLHAV —| r TCLHAV 


| oS 
HLDA # 
| 


—*| |}*—TCLAZ 


ll 
AD15-ADo, COPROCESSOR 
ArolSe-Ar6/Ss, medial 


RD, Pi 
BHEIS7, ! M/iO, 
DT/A, WA, DEN 
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18155/8156* 


2048-BIT STATIC MOS RAM WITH I/O PORTS AND TIMER 


*Directly Compatible with I8085A CPU. 


INDUSTRIAL 
= Industrial Temperature Range: = 2 Programmable 8 Bit I/O Ports 
ae eee = 1 Programmable 6-Bit I/O Port 


= 256 Word x 8 Bits 

2 Programmable 14-Bit Binary Counter/ 
= Single +5V Power Supply Timer 
= Completely Static Operation = Multiplexed Address and Data Bus 


40 Pin DIP 


® Internal Address Latch 


The 18155 and 18156 are RAM and I/O chips to be used in the MCS-85® microcomputer system. The RAM portion is 
designed with 2048 static cells organized as 256 x 8. They have a maximum access time of 400ns to permit use with no 
wait states in 8085A CPU. 


The I/O portion consists of three general purpose I/O ports. One of the three ports can be programmed to be status 
pins, thus allowing the other two ports to operate in handshake mode. 


A 14-bit programmable counter/timer is also included on-chip to provide either a square wave or terminal count pulse 
for the CPU system depending on timer mode. 


PC, 

PC. 

TIMER IN 

_ RESET 
PE. 


1O M 


TIMER OUT 
10/M 
CE OR CE* 


18155/ 


a ALE 18156 


| AD, 
Voc (+5V) AD 
TIMER OUT «—_____ Vgg (OV) ‘ 


_ Vv 
*: 8155=CE, 8156=CE SS 


Figure 1. Block Diagram Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ............ — 40°C to 85°C 
Storage Temperature ............... -65°C to +150°C 
Voltage on Any Pin 

WithRespecttoGround ............... -0.5V to +7V 
POWOr DISSIPATION § ..cscvenvevccunann nsanecnus vs 1.5W 


18155/8156 


*NOTICE: Stresses above those listed under ‘‘Absolute 
Maximum Ratings’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS 9 (Ty =-40°C to 85°C, Vee = 5V +5%) 


Input Low Voltage 


Output High Voltage 
Input Leakage 


Output Leakage Current 
Vcc Supply Current 


Chip Enable Leakage 
8155 


Recovery Time Between Controls 
twp WRITE to Port Output 
tpr Port Input Set Up Time 
Port Input Hold Time 


Strobe to Buffer Full 
Strobe Width 


tRBE 


Min 
Ta Aran Hold Tie ate tateh 
[ice [tae to READINRTE Conrad 00 
[tao | Val Dats Out Delay from READ Gonwal | 
[ino Aas Sabet Date OVA 
ef Ea able 
[—teor | _ ae BunFowtaherRERD 
[tow [Daw intoWRITESHURTine [RO 
[“iwo [aan RaldTneaherwATTE 


READ to Buffer Empty rs ee 


OV<Vin<Vec 
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A.C. CHARACTERISTICS (Continued) (Ta = —40°C to 85°C, Voc = 5V +5%) 


8155/8156 


[taf Soetoro Os 
[ter [| READToINTROR SY 
ess | PonSetUpTineroSrobe TYP 
tris | Por Hold TimeaterSrobe | OPP 
a A 
Sa 2 
[wf WRITE TROP 
00 
es 
a 
a 
a 


t 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 DEVICE 
DER 


UN 
TEST POINTS TEST 


0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC “1° = 
AND 0.8V FOR A LOGIC "0." C, = 150 pF 
C, INCLUDES JIG CAPACITANCE 
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18185* 


1024 x 8-BIT STATIC RAM FOR MCS-85® 


*Compatible with 8085A. 


@ Multiplexed Address and Data Bus 


@ Directly Compatible with 8085A 
and 8088 Microprocessors 


m@ Low Operating Power Dissipation 


The Intel® 18185 is an 8192-bit static random access memory (RAM) organized as 1024 words by 8 bits using N-channel 
silicon gate MOS technology. The multiplexed address and data bus allows the 8185 to interface directly to the 8085A 


INDUSTRIAL 


m Low Standby Power Dissipation 
mw Single +5V Supply 
@ High Density 18-Pin Package 


= Industrial Temperature Range: 
— 40°C to +85°C 


and 8088 microprocessors to provide a maximum level of system integration. 


The low standby power dissipation minimizes system power requirements when the 8185 is disabled. 


DATA 
ADy-AD, BUS 
BUFFER 


ADDRESS 
LATCH 


Figure 1. Block Diagram 


X-Y DECODE 


ADDRESS/DATA LINES 
ADDRESS LINES 


CHIP SELECT _ 

CHIP ENABLE (10/M) 
CHIP ENABLE 

| ADDRESS LATCH ENABLE 
READ ENABLE 

WRITE ENABLE 


Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 


The 8185 has been designed to provide for direct interface 
to the multiplexed bus structure and bus timing of the 
8085A microprocessor. 


At the beginning of an 8185 memory access cycle, the 8- 
bit address on ADo-7, Ag and Ag, and the status of CE; and 
CE? are all latched internally in the 8185 by the falling edge 
of ALE. If the latched status of both CE; and CE2 are INTA  ppR/ 

active, the 8185 powers itself up, but no action occurs until Baia Se RD Wh IO Ady Sus 
the CS line goes low and the appropriate RD or WR control 
signal input is activated. 


The CS input is not latched by the 8185 in order to allow 
the maximum amount of time for address decoding in 
selecting the 8185 chip. Maximum power consumption 
savings will occur, however, only when CE and CE2 are 
activated selectively to power down the 8185 when it is not 
in use. A possible connection would be to wire the 8085A’s 
10/M line to the 8185’s CE1 input, thereby keeping the 
8185 powered down during I/O and interrupt cycles. 


Table 1. 
Truth Table for 
Power Down and Function Enable 


8185 Status 
Power Down and 
Function Disable{1}| 
Power Down and 
Function Disable|1| 


L Lie = : 


Pt tt 
I} EEC 
ALLL ET 


Powered Up and 
Function Disable|1 


NOTES: 

X: Don’t Care. 

1: Function Disable implies Data Bus in high impedance state 
and not writing. 

2: CS* = (CE1 = 0) « (CE2 = 1) « (CS = 0) 
CS* = 1 signifies all chip enables and chip select active 


Sane 
PF} iE tt yt yy 
FT 


Table 2. (en 


Truth Table for 
Control and Data Bus Pin Status 


ADo.7 During Data 
Portion of Cycle /|8185 Function 
Data from Memory|Read 


4 Chips: 
2K Bytes ROM 
1.25K Bytes RAM 
38 1/O Lines 
1 Counter/Timer 
2 Serial !/O Lines 
5 Interrupt Inputs 


Reading, but not 
Driving Data Bus 


NOTE: 


X: Don't Care. Figure 3. 18185 in an MCS-85® System 
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8088 FIVE CHIP SYSTEM 


Figure 4 shows a five chip system containing: 


1.25 K Bytes RAM 
2 K Bytes ROM 
38 I/O Pins 

1 Interval Time 

2 Interrupt Levels 


a 
— 7 
n 
< 
QO 
io) 


z =| 9 


FF a 
= 
m 
= 

a 8 

yD 

a4 


1O/M TIMER 


reset OUT 


A — 
a 


imc 
- 
om 
| | | 


Vee : ak ai 
eee preset 
eee LTT Leno 
Vss Voc Voo 
3 
GND 
MANUAL 
Guo «RESET 
(Vss) 


_ 


Figure 4. 8088 Five Chip System Configuration 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under ‘‘Absolute 


Maximum Ratings’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Temperature Under Bias ............ —40°C to +85°C tion of the device at these or any other conditions above 
Storage Temperature .............. -65°C to +150°C those indicated in the operational sections of this specifi- 
Voltage on Any Pin cation is not implied. Exposure to absolute maximum 

with Respect to Ground .............. -0.5V to +7V rating condtions for extended periods may affect device 
POWOC DISSIDGION <sciccucdeesedecns eed esecon aus 1.5W reliability. 


D.C. CHARACTERISTICS (Ta = 0°C to 70°C, Vcc = 5V + 5%) 


Input Low Voltage 


| Symbol | 
Input High Voltage 
lee 


Output High Voltage 
Input Leakage +10 
Output Leakage Current 0.45V < Vout < Vcc 


Vcc Supply Current 
Powered Up 


Powered Down 


8185 
Preliminary 


| ot Address to Latch Set Up Time 
| tia ——s«| Address Hold Time after Latch 


Latch to READ/WRITE Control 
Valid Data Out Delay from READ Control 


ALE to Data Out Valid L. 
Data Bus Float after READ To ~*| 100 


| ita 

[toc | _READIWRITE Control Width 
| tows Data In to Write Set Up Time 
aaa te ie —— 
[tec | Chip Select Set Upto Control Line 
F tes Chip Select Hold Time after Control 


Chip Enable Set Up to ALE Falling 
Chip Enable Hold Time after ALE 


NOTES: 

1. All A.C. parameters are referenced at 
a) 2.4V and .45V for inputs 
b) 2.0V and .8V for outputs. 


taAL 
tLa 
tic 
tL 
tLL 
to 
tcc 
tow 
two 
tsc 
tos 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 DEVICE 


UNDER 
TEST POINTS TEST 


0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” AND 0.45V FOR 
A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC “1” - 
AND 0.8V FOR A LOGIC “0.” C, = 100 pF 
C, INCLUDES JIG CAPACITANCE 


WAVEFORMS 


tet 


TAL || }<——+|——_ tLa 
| k —_—_= = ee ee eS eee 
a 
ADDRESS x ) e DATA OUT h oe ae (READ CYCLE) 
J 


= tL p ————— > 


tow - > 


ADoRess oo WRITE DATA K aire cvcue! 


tsc — 


(SELECTED) (DESELECTED) 
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In eC 18212 


8-BIT INPUT/OUTPUT PORT 
INDUSTRIAL 


@ Fully Parallel 8-Bit Data Registerand Buffer m# 3.65V Output High Voltage for Direct 


m Service Request Flip-Flop for Interface to ID8085A CPU 


Interrupt Generation m Asynchronous Register Clear 
@ Low Input Load Current — .25mA Max m Replaces Buffers, Latches and 
m Three State Outputs Multiplexers in Microcomputer Systems 
@ Outputs Sink 15mA @ Industrial Temperature Range: 


—40°C to +85°C 
The 18212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and device selec- 
tion logic. Also included is a service request flip-flop for the generation and control of interrupts to the microprocessor. 


The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the 
principal peripheral and input/output functions of a microcomputer system can be implemented with this device. 


Note: The specifications for the 3212 are identical with those for the 8212. 


SERVICE REQUEST FF 


DEVICE SELECTION . Do Q 
\ SR 
C 


> e Lo ES INT [23> 


E EN 
[2> mo us ) > WR 
TT) 
[> sts [Oo -_ OUTPUT 
| BUFFER 
(33> .1, ' aN 7 D0, [a> 
DATA LATCH al 18212 
— Ne — iS D02 [6 > 
CR ; 
[> v3 yee iN i 003 [8 > 
) Cy | 
eal, 
[a> v1, oH © a 04 [10> 
CA 
fe> O16, 'S — 00s, [15> 
C | 
Di,-Dig }DATAIN, sd IN 
f DO; DOs 
[8> 016 + 0¢ [17> | DS-DSz | DEVICESELECT ssi 
C |MODE 
| 


INTERRUPT (ACTIVE LOW) 
CLEAR (ACTIVE LOW) 


o> v1, : io fx vo, [i9> 
45H} f+ 09% > 
| P | 
“ 12) 


Figure 1. Logic Diagram Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under ‘“‘Absolute 


Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Temperature Under Bias Plastic ...... — 40°C to 85°C tion of the device at these or any other conditions above 
Storage Temperature .............. -65°C to +160°C those indicated in the operational sections of this specifi- 
All Output or Supply Voltages ........ -0.5 to +7 Volts cation is not implied. Exposure to absolute maximum 
All Input Voltages .................. -1.0 to 5.5 Volts rating conditions for extended periods may affect device 
Output COrents sia sasvecsked Ge doceeeiconeeer 100mA reliability. 


D.C. CHARACTERISTICS (Ta = —40°C to 85°C, Veg = +5V +5%) 


j_symeot | Parameter 
Input Load Current, ACK, DS2, CR, 
Dl1-Dlg Inputs 
Input Load Current MD Input 


Input Load Current DS: Input 


IF 


IF 
Input Leakage Current, ACK, DS, CR, 
Dli-Dlg Inputs 
PR Input Leakage Current MO Input 
PIR Input Leakage Current DS; Input 
Input Forward Voltage Clamp 
Input “Low” Voltage 
Input “High” Voltage 2.0 
| 


V 
ee 
a 


-75 Vo = OV, Vcc = 5V 


~20 uA | Vo = .45V 
20 uA | Vo = 5.25V 


Output “Low” Voltage 
Output “High” Voltage 3.65 
Short Circuit Output Current 


Output Leakage Current High 
Impedance State 


Power Supply Current 


Isc 


ok 
on 


CAPACITANCE®* (F = 1 Mhz, Vaiss = 2.5V, Voc = +5V, Ta =25°C) 


‘symoa fal 

| Typ-|Max. | 

DS2, CK, ACK, Dl1-Die | ee oe | 
Input Capacitance 5pF | 10 pF 


“This parameter is sampled and not 100% tested. 
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A.C. CHARACTERISTICS (Ty, = —40°C to 85°C, Veg = +5V +5%) 


Pulse Width 


Data to Output Delay 


Write Enable to Output Delay 
Data Set Up Time 


tc Clear to Output Delay 


SWITCHING CHARACTERISTICS 


SOnaIuONS OF Tent A.C. TESTING LOAD CIRCUIT 
Input Pulse Amplitude = 2.5V 

Input Rise and Fall Times 5ns 

Between 1V and 2V Measurements made at 1.5V 
with 15mA and 30pF Test Load 


Note 1: 
DEVICE 


UNDER 
TEST 


tpp, twe, tr, ts, tc 
te, ENABLE? 


te, ENABLE | 
te, DISABLE? 
te, DISABLE! 


C, INCLUDES JIG CAPACITANCE 


“Includes probe and jig capacitance. 
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18216/18226 
4-BIT PARALLEL BIDIRECTIONAL BUS DRIVER 
INDUSTRIAL 
=» Data Bus Buffer Driver = 3.65V Output High Voltage 
= Low Input Load Current — .25 mA = Three State Outputs 


Maximum = Reduces System Package Count 


= Industrial Temperature Range: 
—40° to + 85°C 


= High Output Drive Capability for 
Driving System Data Bus 


The I8216/18226 is a 4-bit bidirectional bus driver/receiver. 


All inputs are low power TTL compatible. For driving MOS, the DO outputs provide a high 3.65V Vow, and for high 
capacitance terminated bus structures, the DB outputs provide a high 50mA Io, capability. 


A non-inverting (18216) and an inverting (18226) are available to meet a wide variety of applications for buffering in 
microcomputer systems. 


18216 18226 


DATA BUS 
BI-DIRECTIONAL 


Di,01, | DATA INPUT 


DO,-D0,| DATA OUTPUT 


DATA IN ENABLE 
DIRECTION CONTROL 


CHIP SELECT 


DB,-0B, 


Figure 2. Pin 
Figure 1. Logic Diagrams Configuration 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias.............. — 40°C to 85°C 
Storage Temperature............. — 65°C to + 150°C 
All Output and Supply Voltages........ -—0.5V to +7V 
All Input Volfages.2.......ec00s000. —1.0V to +5.5V 
CUI CUTAN Sore cGa cna swe ensn cts ha oan 125 mA 


“NOTICE: Stresses above those listed under ‘Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (tT, = —40°C to 85°C, Veg = +5V +10%) 


Input Load Current DIEN, CS 
Input Load Current All Other Inputs 
Input Leakage Current DIEN, CS 


Input Leakage Current DI Inputs 


Input Forward Voltage Clamp 


Input ‘‘Low”’ Voltage 
Input ‘‘High’’ Voltage 


Output Leakage Current 
(3-State) 


Power Supply Current 


Output ‘‘Low” Voltage 

DO, DB Outputs 
Output ‘‘Low” Voltage seals 

DB Outputs Only 8226 
Output “High” Voltage DO Outputs 


NOTE: Typical values are for Ta = 25°C, Vcc =5.0V. 


CAPACITANCE (vVpias = 2.5V, Voc = 5.0V, Ta = 25°C) 


Parameter 
Input Capacitance 
Output Capacitance 


NO 


oO 


sa 
os) 


= | Output Short Circuit Current - 
-30 


Limits 
Typ 


; 


-0.08 -.25 


20 


j 


Vo = 0.45V/5.25V 


DO Outputs Io, =15mA 
DB Outputs Io, =25mA 


DO Outputs Vo = OV, 
DB Outputs Vcoc=5.0V 


mA 
A 
MA 
LA 
V 
V 
V 
UA 


100 
0 
120 


a" 
WwW 


NO 


A 
mA 


3 


= 


-35 -65 
-75 -120 mA 


Output Capacitance 
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A.C. CHARACTERISTICS (Ta = —40°C to 85°C, Voc = +5V + 10%) 


Parameter Min. Typ.(1] Max. | Unit Conditions 
emake 


Input to Output Delay DO Outputs 


C, =300pF, R,=902 
ns Ro = 1802 


ns 


| 


8226 


Output Enable Time 
65 ns (Note 2) 


Tas | Nowe 2 
Tos [mew 


C 

8216 | 
8226 ro 54 
ee 


Output Disable Time 


NOTES: 
1. Typical values are for Ta = 25°C, Voc = 5.0V. 


PD2 
Te. (DO. ENABLE’) 
Te. (DO, ENABLE!) 


Te. (OB, ENABLE!) 
Te. (DB, ENABLE!) 
Tp: (DO. DISABLE!) 
Tp: (DO, DISABLE!) 
Tp: (DB. DISABLE!) 
Tp: (OB. DISABLE!) 


TEST CONDITIONS: A.C. TESTING LOAD CIRCUIT 


Input pulse amplitude of 2.5V. 
Input rise and fall times of 5 ns between 1 and 2 volts. 


Output loading is 5 mA and 10 pF. 


Speed measurements are made at 1.5 volt levels. 
DEVICE 
UNDER 
TEST 


C, INCLUDES JIG CAPACITANCE 
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18243 
MCS-48© INPUT/OUTPUT EXPANDER 


—40°C to +85°C Operation 
Low Cost 

Simple Interface to MCS-48 © 
Microcomputers 

Four 4-Bit I/O Ports 

AND and OR Directly to Ports 


@ 24-Pin DIP 
@ Single 5V Supply 
@ High Output Drive 


= Direct Extension of Resident 8048 |/O 
Ports 


The Intel® 8243 is an input/output expander designed specifically to provide a low cost means of I/O 
expansion for the MCS-48® family of single chip microcomputers. Fabricated in 5 volts NMOS, the 8243 
combines low cost, single supply voltage and high drive current capability. 


The 8243 consists of four 4-bit bidirectional static |/O ports and one 4-bit port which serves as an interface to 
the MCS-48 microcomputers. The 4-bit interface requires that only 4 I/O lines of the 8048 be used for I/O 
expansion, and also allows multiple 8243’s to be added to the same bus. 


The I/O ports of the 8243 serve as a direct extension of the resident I/O facilities of the MCS-48 microcomputers 
and are accessed by their own MOV, ANL, and ORL instructions. 


ADDRESS 
DECODER 
INSTRUC. 

| DECODER 


AND/OR 
LOGIC 


RESET 
CIRCUIT 


BUFFER 


Figure 1. 8243 
Block Diagram 
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PORT 4 


PORT 5 


PORT 6 


1 
2 
3 
4 
5 
6 
7 
8 
9 


PORT 7 


Figure 2. 8243 
Pin Configuration 


Table 1. Pin Description 


Clock Input. A high to low transi- 
tion on PROG signifies that ad- 
dress and control are available on 
P20-P23, and a low to high transi- 
tion signifies that data is available 
on P20-P23. 


Chip Select Input. A high on CS 
inhibits any change of output or 
internal status. 


Four (4) bit bi-directional port con- 
tains the address and control bits 
on a high to low transition of 
PROG. During a low to high tran- 


sition contains the data for a sel- 
ected output port if a write opera- 
tion, or the data from a selected 
port before the low to high transi- 
tion if a read operation. 


0 volt supply. 


P40-P43 Four (4) bit bi-directional I/O ports. 
P50-P53 | 1, 23-21 | May be programmed to be input 
(during read), low impedance 
latched output (after write), or a tri- 
state (after read). Data on pins 
P20-P23 may be directly written, 
ANDed or ORed with previous 
data. 


+5 volt supply. 


P70-P73 


FUNCTIONAL DESCRIPTION 


General Operation 


The 8243 contains four 4-bit |1/O ports which serve 
as an extension of the on-chip I/O and are ad- 
dressed as ports 4-7. The following operations may 
be performed on these ports: 


e Transfer Accumulator to Port. 
e Transfer Port to Accumulator. 
e AND Accumulator to Port. 

e OR Accumulator to Port. 


All communication between the 8048 and the 8243 
occurs over Port 2 (P20-P23) with timing provided 
by an output pulse on the PROG pin of the proces- 
sor. Each transfer consists of two 4-bit nibbles: 


The first containing the “op code” and port address 
and the second containing the actual 4-bits of data. 
A high to low transition of the PROG line indicates 
that address is present while a low to high transition 
indicates the presence of data. Additional 8243's 
may be added to the 4-bit bus and chip selected 
using additional output lines from the 8048/8748/ 
8035. 


18243 


Power On Initialization 


Initial application of power to the device forces 
input/output ports 4, 5, 6, and 7 to the tri-state and 
port 2 to the input mode. The PROG pin may be 
either high or low when power is applied. The first 
high to low transition of PROG causes device to 
exit power on mode. The power on sequence is 
initiated if VCC drops below 1V. 


Address Instruction 
P21 P20 Code P23 P22 Code 
0 0 Port 4 0 0 Read 
0 1 Port 5 0 1 Write 
1 0 Port 6 1 0 ORLD 
1 1 Port 7 1 1 ANLD 


Write Modes 


The device has three write modes. MOVD Pi, A dir- 
ectly writes new data into the selected port and old 
data is lost. ORLD Pi, A takes new data, OR’s it with 
the old data and then writes it to the port. ANLD Pi, A 
takes new data, AND’s it with the old data and then 
writes it to the port. Operation code and port ad- 
dress are latched from the input port 2 on the high 
to low transition of the PROG pin. On the low to high 
transition of PROG data on port 2 is transferred to 
the logic block of the specified output port. 


After the logic manipulation is performed, the data 
is latched and outputed. The old data remains 
latched until new valid outputs are entered. 


Read Mode 


The device has one read mode. The operation code 
and portaddress are latched from the input port 2 on 
the high to low transition of the PROG pin. As soon 
as the read operation and port address are decoded, 
the appropriate outputs are tri-stated, and the input 
buffers switched on. The read operation is termina- 
ted by a low to high transition of the PROG pin. The 
port (4, 5,6 or 7) that was selected is switched tothe 
tri-stated mode while port 2 is returned to the input 
mode. 


Normally, a port will be in an output (write mode) or 
input (read mode). If modes are changed during 
operation, the first read following a write should 
be ignored; all following reads are valid. This is to 
allow the external driver on the port to settle after 
the first read instruction removes the low imped- 
ance drive from the 8243 output. A read of any port 
will leave that port in a high impedance state. 
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ABSOLUTE MAXIMUM RATINGS”* *NOTICE: Stresses above those listed under “Absolute 


Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Ambient Temperature Under Bias ......... —40°C to +85°C tion of the device at these or any other conditions above 
Storage Temperature ................... —65°C to + 150°C those indicated in the operational sections of this specifi- 
Voltage on Any Pin cation is not implied. Exposure to absolute maximum 

With Respect to Ground ................... —0.5V to +7V rating conditions for extended periods may affect device 
Power Dissipation ........... 00.0 ccc cece eee eee 1 Watt reliability. 


D.C. CHARACTERISTICS 1, = —40°C to +85°C, Voc = 5V + 10% 


Input Low Voltage 


mm 


*See following graph for additional sink current capability 


A.C. CHARACTERISTICS 1, = —40°C to +85°C, Veg = 5V + 10% 


[Symbol [Parameter ———=—S«|sMin. 
[ta | Code Valid Before PROG +100 
[ta | Code valid after PROG «dC 
[tc [Data Valia Before PROG —~dYS 00 
0 

aH — 
me 700 


| Units | Test Conditions | 
pons | 80 pF Load 
pons | 20 pF Load 
pons | 80 pFload 
pons | 20 pF load 
pons 
pons 
pons 
pons 
pons 


Data Valiaafter PROG 2 
a 
CS Valid Before/After PROG | 50 | | 


20 pF Load 


tPO Ports 4-7 Valid After PROG | | 700 100 pF Load 
tLP1 Ports 4-7 Valid Before/After PROG las 


80 pF Load 


Port 2 Valid After PROG 


2.0 
TEST POINTS <o 


0.8 
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WAVEFORMS 


INSTRUCTION 


OUTPUT 
VALID 


OUTPUT 


PORTS 4-7 PREVIOUS OUTPUT VALID 
VALID 


" 
PORTS 4-7 INPUT VALID 
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GUARANTEED WORST CASE 
CURRENT SINKING CAPABILITIES 
OF ANY I/O PORT PIN vs. TOTAL 
SINK CURRENT OF ALL PINS 


7 8 9 


MAXIMUM SINK CURRENT ON ANY PIN @ .45V 
MAXIMUM IOL WORST CASE PIN (mA) 


Figure 3 


Sink Capability 


The 8243 can sink 5 mA@ .45V on each of its 16 I/O 
lines simultaneously. If, however, all lines are not 
sinking simultaneously or all lines are not fully 
loaded, the drive capability of any individual line 
increases as is shown by the accompanying curve. 


For example, if only 5 of the 16 lines are to sink 
current at one time, the curve shows that each of 
those 5 lines is capable of sinking 9 mA @ .45V (if 
any lines are to sink 9 mA the total |OL must not 
exceed 45 mA or five 9 mA loads). 


Example: How many pinscan drive 5 TTL loads (1.6 mA) 
assuming remaining pins are unloaded? 


IOL=5x16mA=8mMA 
elOL = 60 mA from curve 
# pins = 60 mA +8 mA/pin = 7.5 =7 


In this case, 7 lines can sink 8 mA for a total of 
56mA. This leaves 4 mA sink current capability 
which can be divided in any way among the 
remaining 8 I/O lines of the 8243. 


Example: This example shows how the use of the 20 mA 
sink capability of Port 7 affects the sinking 
capability of the other I/O lines. 


An 8243 will drive the following loads simul- 
taneously. 


2 loads— 20 mA @ 1V (port 7 only) 
8 loads—4 MA @ .45V 

6 loads—3.2 MA @ .45V 

Is this within the specified limits? 


elOL = (2 x 20) + (8 x 4) + (6 x 3.2) = 91.2 MA. 
From the curve: forlOL =4mMA, elOL ~ 93 mA. 
since 91.2 mA < 93 mA the loads are within 
specified limits. 


Although the 20 mA @ 1V loads are used in 
calculating «lOL, it is the largest current re- 
quired @ .45V which determines the maximum 
allowable elOL. 


NOTE: A10 to 50KQ pullup resistor to +5V should be added to 8243 outputs when driving to 5V CMOS directly. 
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PROG 


TEST 
INPUTS 8243 


DATA IN 
P2 


Figure 4. Expander Interface 


“oe Xf” as 
00 READ 


ADDRESS (4-BITS) DATA (4-BITS) 


Figure 5. Output Expander Timing 


Figure 6. Using Multiple 8243’s 
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BITS 1,0 
sa 
01 | PORT 


10 ADDRESS 
1_J 
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182514 ADVANCE INFORMATION 
PROGRAMMABLE COMMUNICATION INTERFACE 
INDUSTRIAL 
» Synchronous and Asynchronous » Asynchronous Baud Rate — DC to 

Operation 19.2K Baud 
w Synchronous 5-8 Bit Characters; = Full Duplex, Double Buffered, Trans- 
Internal or External Character Synchro- mitter and Receiver 


nization; Automatic Sync Insertion ; ; 
a Error Detection — Parity, Overrun and 


w Asynchronous 5-8 Bit Characters; Framing 
Clock Rate—1, 16 or 64 Times Baud ; ; 


1%, or 2 Stop Bits; False Start Bit 
Detection; Automatic Break Detect 
and Handling 


a 28-Pin DIP Package 


a All Inputs and Outputs are TTL 


= Synchronous Baud Rate — DC to 64K Compatible 

sina a Single +5V Supply 
# Industrial Temperature Range: 

—40°C to + 85°C a Single TTL Clock 


The Intel® 8251A is the enhanced version of the industry standard, Intel® 8251 Universal Synchronous/Asynchronous 
Receiver/Transmitter (USART), designed for data communications with Intel’s new high performance family of 
microprocessors such as the 8085. The 8251A is used as a peripheral device and is programmed by the CPU to operate 
using virtually any serial data transmission technique presently in use (including IBM “‘bi-sync’’). The USART accepts 
data characters from the CPU in parallel format and then converts them into a continuous serial data stream for 
transmission. Simultaneously, it can receive serial data streams and convert them into parallel data characters for the 
CPU. The USART will signal the CPU whenever it can accept a new character for transmission or whenever it has 
received a character for the CPU. The CPU can read the complete status of the USART at any time. These include data 


transmission errors and control signals such as SYNDET, TxEMPTY. The chip is constructed using N-channel silicon 
gate technology. 


TRANSMIT 
as x _> BUS - BUFFER TxD 
709 BUFFER (P--S) 


READ/WRITE 
CONTROL 
LOGIC 


TRANSMIT 
CONTROL 


— 
_ 


22 (C] osR 
RESET 
CLK 
DSR TxD 
i RECEIVE 18 FF) TxEMPTY 
_ BUFFER RxD CTS 
CTs d (S -P) 


SYNDET/BD 
TxRDY 


RECEIVE 
CONTROL 


INTERNAL 
DATA BUS 


Figure 1. Block Diagram Figure 2. Pin Configuration 
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8251A 


me ADVANCE INFORMATION 


FEATURES AND ENHANCEMENTS 


8251A is an advanced design of the industry stan- 
dard USART, the Intel® 8251. The 8251A oper- 
ates with an extended range of Intel micropro- 
cessors that includes the new 8085 CPU and main- 
tains compatibility with the 8251. Familiarization 
time is minimal because of compatibility and 
involves only knowing the additional features and 
enhancements, and reviewing the AC and DC speci- 
fications of the 8251A. 


The 8251A incorporates all the key features of 
the 8251 and has the following additional features 
and enhancements: 


@ 8251A has double-buffered data paths with 
separate |/O registers for control, status, 
Data In, and Data Out, which considerably 
simplifies control programming and mini- 
mizes CPU overhead. 


@ In asynchronous operations, the Receiver 
detects and handles “break” automatically, 
relieving the CPU of this task. 


@ A refined Rx _ initialization prevents the 
Receiver from starting when in “break” 
state, preventing unwanted interrupts from 
a disconnected USART. 


@ At the conclusion of a transmission, TxD 
line will always return to the marking state 
unless SBRK is programmed. 
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Tx Enable logic enhancement prevents a 
Tx Disable command from halting trans- 
mission until all data previously written has 
been transmitted. The logic also prevents 
the transmitter from turning off in the middle 
of a word. 


When External Sync Detect is programmed, 
Internal Sync Detect is disabled, and an Ex- 
ternal Sync Detect status is provided via a 
flip-flop which clears itself upon a status read. 


Possibility of false sync detect is minimized 
by ensuring that if double character sync is 
programmed, the characters be contiguously 
detected and also by clearing the Rx register 
to all ones whenever Enter Hunt command is 
issued in Sync mode. 


As long as the 8251A is not selected, the 
RD and WR do not affect the internal opera- 
tion of the device. 


The 8251A Status can be read at any time 
but the status update will be inhibited during 
status read. 


The 8251A is free from extraneous glitches 
and has enhanced AC and DC characteristics, 
providing higher speed and better operating 
margins. 


@ Synchronous Baud rate from DC to 64K. 
@ Fully compatible with Intel’s new industry 


standard, the MCS-85. 
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intel 18251A 


ADVANCE INFORMATION 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias....... —40°C to +85°C 
Storage Temperatur2.............. ~65°C to +150°C 
Voltage On Any Pin 

With Respect to Ground. ........... —0.5V to +7V 
Power Dissipation. ...............0.000004 1 Watt 


*NOTICE: Stresses above those listed under ‘Absolute 
Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (tg = —40°C to 85°C, Voc = 5.0V +5%, GND = OV) 


Parameter 


i Output Low Voltage 


Output High Voltage 


Input Leakage 


Power Supply Current 


CAPACITANCE (ty = 25°C, Vcc = GND = OV) 


Parameter 


ae Input High Voltage a 


Units 


Test a 


0.8 


lo. =2.2mA 


lOH = -400 LA 


Unit Test Conditions 


a he A Ae 


1/O Capacitance pf fr Unmeasured pins returned to GND 


A.C. CHARACTERISTICS 


Bus Parameters (Note 1) 


READ CYCLE 


(Ta = —40°C to 85°C, Voc = 5.0V +5%, GND = OV) 
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intel 82514 ADVANCE INFORMATION 


A.C. CHARACTERISTICS (Continued) 


WRITE CYCLE 


[Symbot_[ Parameter ___——~«|_win~| Max | Unt | TeetCondiione 
tay | Adds Sable fore WATE ——S«dY ms | rm 
Tawa | Address Hols Time forwWRITE | 78) me) 
Twn WATE Pune wise SSP mo 
[tow | Data St Up Tine for WATTE =| ao | 
Two | Oat Hols Tine forwarre |_| | me | 
[av | Recovery Time Beweon waives [6 | | wy | Nowe 


OTHER TIMINGS 


[Symbot[ Parameter ——~—~=S*dtCMins |“ Max. | Unit | Test Conditions 
ey | Glock Period ———SSCS*~S 2150 | ms | CN 
ty Clock High Puke With ———SSSS~«*dt BO Revo | ms | 
ig | Clock Low Pulse Wisth ———S—S~dt to | | ns | 
[tate | Clock Rise and FallTime ——=S~=~idSC=‘“‘“itSC* ms | SC*d 
[tore | TxD Delay from Falling Edge of RO «dt | ms | SSC~*™ 
f 


Tx Transmitter Input Clock Frequency 
1x Baud Rate DC 64 
DC 310 
DC 615 


16x Baud Rate 
DC 310 kHz 


64x Baud Rate 
Transmitter Input Clock Pulse Width 


1x Baud Rate 
16x and 64x Baud Rate 


Transmitter Input Clock Pulse Delay 


1x Baud Rate 
16x and 64x Baud Rate 


Receiver Input Clock Frequency 


1x Baud Rate 
16x Baud Rate 
64x Baud Rate 


Receiver Input Clock Pulse Width 


tRPW 
1x Baud Rate 
16x and 64x Baud Rate 


tRpp Receiver Input Clock Pulse Delay 
1x Baud Rate 
16x and 64x Baud Rate 


TxRDY Pin Delay from Center of last Bit 
TxRDY J from Leading Edge of WR 


RxRDY Pin Delay from Center of last Bit 
RxRDY J from Leading Edge of RD 

tis Internal SYNDET Delay from Rising 

tes External SYNDET Set-Up Time Before 
= Falling Edge of RxC 


TxEMPTY Delay from Center of Last Bit 


tTPw 


aS roy 
<< ~< 


tcy 
tcy 
CY 


Note 7 
Note 7 
Note 7 
Note 7 


CY 


Note 7 


g 


ot |e | et | 
OQ (2) 
eke ; 


cf 
<< 


tcy Note 7 


st 
W ol 


Note 7 
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Me A ADVANCE INFORMATION 


A.C. CHARACTERISTICS (Continued) 
OTHER TIMINGS (Continued) 


Symbol | Parameter | Min. | Max. | Unit 
twc Control Delay from Rising Edge of tcy 
WRITE (TxEn, DTR, RTS) 


NOTES: 

1. AC timings measured Voy = 2.0, Vo, = 0.8, and with load circuit. 

2. Chip Select (CS) and Command/Data (C/D) are considered as Addresses. 

3. Assumes that Address is valid before Rp\. 

4. This recovery time is for Mode Initialization only. Write Data is allowed only when TxRDY = 1. Recovery Time between Writes for 
Asynchronous Mode is 8 tcy and for synchronous Mode is 16 tcy. 

5. The TxC and RxC frequencies have the following limitations with respect to CLK: For 1x Baud Rate, fr, or fp, < 1/(30 tcy); For 16x and 
64x Baud Rate, fr, or fr, = 1/(45 tcy). 

6. Reset Pulse Width = 6 tcy minimum; System Clock must be running during Reset. 

7. Status update can have a maximum delay of 28 clock periods from the event affecting the status. 


Test Conditions 


Note 7 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 
VL = 2vV 


R, = 4200 


2.0 DEVICE 


be TEST POINTS < go 


C, = 150 pF 


: 0.8 | 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC “0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC “1” 
AND 0.8V FOR A LOGIC "0." 


C, INCLUDES JIG CAPACITANCE 


4 OUTPUT DELAY (ns) 


-100 -50 0 +50 +100 


A CAPACITANCE (pF) 


Typical A Output Delay vs. A Capacitance (pF) 
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intel 
18253 
PROGRAMMABLE INTERVAL TIMER 


INDUSTRIAL 
a 3 Independent 16-Bit Counters = Count Binary or BCD 
a Industrial Temperature Range: a Single +5V Supply 


—40°C to +85°C 


a 24-Pin Dual In-Line Package 
a Programmable Counter Modes 


The Intel® 18253 is a programmable counter/timer chip designed for use as an Intel microcomputer peripheral. It uses 
nMOS technology with a single —5V supply and is packaged in a 24-pin DIP. 


It is organized as 3 independent 16-bit counters, each with a count rate of up to 2 MHz. All modes of operation are soft- 
ware programmable. 


CLK O 


= — COUNTER |¢___ GATE 0 
0 


OUT 0 


ae COUNTER GATE 1 
1 
\ OUT 1 


— COUNTER wares 


DATA 


BUS 
BUFFER 


INTERNAL BUS 


CONTROL 
WORD 
REGISTER 


cs CHIP SELECT 
A, A COUNTER SELECT 


GNO GROUND 


Figure 1. Block Diagram Figure 2. Pin Configuration 
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18253 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias —40°C to +85°C 


Storage Temperature .............. —65° Cto +150° C 
Voltage On Any Pin 

With RespecttoGround .............. ~D.5 Vitor? V 
POWGIDISSIDSUON .42sccccnrvesaeesenrexca ved 1 Watt 


*“NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings’”’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (tT, =-40°C to +85°C, Voc = 5V + 10%) 


Parameter 


Input High Voltage 
Output Low Voltage 


| Symbol 


Output High Voltage 


Output Float Leakage 


CAPACITANCE (Ta =25°C, Voc = GND = OV) 


[Symbol | ___ Parameter 


1/O Capacitance 


NOTES: 
1. The 18253 will operate as a 8253-5 from 0°C to 70°C. 


Input Low Voltage 0.8 


Max. Units Test Conditions 
V 

0.45 V lo. =1.6mA 
V lon =—150 vA 


Vin = Vec to OV 
Vout = Vec to OV 


Typ. | Max. 
[ein [toot Canciones tf | ed 
pL 


Units. Test Conditions 
p 
Unmeasured pins returned to Vss 


A.C. CHARACTERISTICS (tq = —40°C to +85°C, Voc = 5.0V +10%, GND = OV) 


Bus Parameters (Note 1) 
READ CYCLE 


Pine | CREAD Pulse wWath 


| tor READ to Data Floating 25 


Recovery Time Between READ 
and Any Other Control Signal 


t 

RR READ 
DF 

RV 


t 
t 
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intel 18253 


A.C. CHARACTERISTICS (Continued) 
WRITE CYCLE 


(—symbot [Parameter | Mn ni 
a ne 
Ptwad)SAddress Hold Time for WRITE | 90 «| ds 
[ww | WRITE Pose wie || 
o | 

twD 


Data Set Up Time for WRITE | 300s 
| two Data Hold Time for WRITE 


Recovery Time Between WRITE 


and Any Other Control Signal 


CLOCK AND GATE TIMING 


Gate Hold Time After CLKT 
Output Delay From CLK /2] 
Output Delay From Gate, [2] 


NOTES: 
1. AC timings measured at Voy = 2.2, Vo, = 0.8. 
2. Test Conditions: C, = 100pF. 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.2 DEVICE 


UNDER 
TEST 


TEST POINTS a 


0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC °1° AND 0.45V FOR 
A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 2.2V FORA LOGIC °1 
AND 0.8V FOR A LOGIC “0. 

C, INCLUDES JIG CAPACITANCE 
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WAVEFORMS 


OUTPUT 0 . \ x 


\< tooG = 


DATA BUS 


DATA BUS HIGH IMPEDANCE HIGH IMPEDANCE 
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intel 
I8255A 


PROGRAMMABLE PERIPHERAL INTERFACE 


INDUSTRIAL 
a Industrial Temperature Range: a Direct Bit Set/Reset Capability Easing 
—40°C to + 85°C Control Application Interface 
= 24 Programmable I/O Pins a 40-Pin Dual In-Line Package 
a Completely TTL Compatible = Reduces System Package Count 
a Improved Timing Characteristics a Improved DC Driving Capability 


The Intel® 18255A is a general purpose programmable I/O device designed for use with Intel microprocessors. It has 24 I/O 
pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first mode 
(MODE 0), each group of 12 1/O pins may be programmed in sets of 4 to be input or output. In MODE 1, the second mode, 
each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for handshaking and 
interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8 lines for a 
bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking. 


POWER | = +5¥ 
SUPPLIES } 


——> GND 


18255A 


BIDIRECTIONAL 
DATA BUS 
D7-Do 


INTERNAL 
DATA BUS 


WP WRITE INPUT 
PPa7Pad | PORTA(SIT) 
revreo | poRTe(BIT) 
Prcrveco_| pORTcieiT) —_—*s 
[Ve | vols, SC*d 
| Gnd =| gvoLrs, Cid 


Figure 1. Block Diagram Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias ..... —40°C to +85°C 
Storage Temperature ............... —65°C to +150°C 
Voltage on Any Pin 

With Respect to Ground .............. —0.5V to +7V 
POWS! DISSIDGHON cas cvvtnasnsedeareansemncew ea 1 Watt 


18255A 


*“NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (tT, = —40°C to +85°C, Voc = +5V +5%, GND = OV) 


[symbot [Parameter 
Input Low Voltage 


Darlington Drive Current 
Output Float Leakage 


NOTE: 
1. The 18255A will operate as an 8255A-5 from 0°C to 70°C. 


CAPACITANCE (Ta = 25°C, Vcc = GND = OV) 


Input Capacitance 


| Min.| Max. 
rospos| vp 
SO 
[Vou 1687] Output tow Vorage Gata || O48 
TVewi08) [Ouinu igh Vola (Onn Bus. | Ba] 

4) |v 
| -4.0 


} Unit | Test Conditions 


lo. = 2.5mA 


von = 200A 


Test Conditions 


1/O Capacitance 


A.C. CHARACTERISTICS (tT, = —40°C to +85°C, Voc = +5V +5%, GND = OV) 


Bus Parameters 


READ 


Address Stable Before READ 


Address Stable After READ 
READ Pulse Width 
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Intel 18255A 


A.C. CHARACTERISTICS (Continued) 


ee 
Address Stable Before WRITE a 2 er 
Address Stable After WRITE a ae 
80 fe 


WRITE Pulse Width 


WRITE 


Symbol 


OTHER TIMINGS &! 


smbt [Pama | 
we WR Tom 
[iw | Paribheral Data Beto RO | os 
[tan | Perper Data after as 
Pine | AK Pe wath SRO os 
sr STB Puse wats SSSC~dSCSC* ee a 
Pes | PaDat Before orsTe | es 
Pw d| Per Date After TE ofSTB | 18 
Pw |S ACK= Oto Oueue® 
[mo | AKT to Output oat || 
[wos WR=TwORF=0@ a 
[tance ACK= Oto OB=TASCSYS os 
RD = 1 to IBF = 0121 pty he A me Te 

| pos 

oe) jie Sal 

| eid | es 

| ps 


STB =1to INTR=1%! 


ACK = 1 to INTR= 12 
WR = Oto INTR=02 


NOTES: 
1. Available on any 8 pins from Port B and C. 
2. Test Conditions: 8255A: C_ = 100pF; 8255A-5: Ci = 150pF. 
Period of Reset pulse must be at least 50us during or after power on. Subsequent Reset pulse can be 500 ns min. 
3. C_ = 100 pF. 


twe 
tr 
tur 
tak 
tst 
tbs 
PH 
AD 
KD 
twos 
‘sip 
‘RIB 
‘sit 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 DEVICE 


UNDER 
TEST 


> TEST POINTS 4 


Cc. 
0.8 
0.45 


; 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC “1” 
AND 0.8V FOR A LOGIC “0.” 


*Vext IS SET AT VARIOUS VOLTAGES DURING TESTING TO GUARANTEE 
THE SPECIFICATION. 
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WAVEFORMS 


MODE 0 (BASIC INPUT) 


CS, A1, AO 


MODE 0 (BASIC OUTPUT) 


CS, A1, AO 


OUTPUT 
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WAVEFORMS (Continued) 


MODE 1 (STROBED INPUT) 


eid. | uemmmmmmcer 


os S| 
mt 


INPUT FROM 
PERIPHERAL 


OUTPUT 


9-80 


AFN-00863A 


ntel on 


MODE 2 (BIDIRECTIONAL) 


DATA FROM 
/ 8080 TO 8255 


tani —| tko 


PERIPHERAL 
BUS 


/ / 
DATA FROM DATA FROM 
PERIPHERAL TO 8255 8255 TO PERIPHERAL / 


DATA FROM 
8255 TO 8080 


NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. 
(INTR = IBF » MASK « STB » RD + OBF « MASK « ACK « WR) 


-— - taw | —>itwal— 


te 


DATA BUS X K 


|+ tow > |< two 


ae i 
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j+—tra 


5 '= tar 
RD \ / 


-> tro > ‘or -— 


DATA BUS, 3 NALD THIGH IMPEDANCE 
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I8259A 
PROGRAMMABLE INTERRUPT CONTROLLER 


INDUSTRIAL 
= jAPX 86 Compatible = Programmable Interrupt Modes 
= MCS-80®, 85® Compatible a Individual Request Mask Capability 
a Eight-Level Priority Controller a Single +5V Supply (No Clocks) 
a Expandable to 64 Levels a Industrial Temperature Range: 


—40°C to +85°C 


The Intel® I8259A Programmable Interrupt Controller handles up to eight vectored priority interrupts for the CPU. It is 
cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28-pin DIP, uses NUOS 
technology and requires a single +5V supply. Circuitry is static, requiring no clock input. 


The 18259A is designed to minimize the software and real time overhead in handling multi-level priority interrupts. It has 
several modes, permitting optimization for a variety of system requirements. 


INTA INT 


DATA 
BUS 
BUFFER 


18259A 


1 
2 
3 
4 
5 
6 
7 
8 
9 


IN- 
SERVICE 
REG 
(ISR) 


CASO 
CASCADE 
CAS 1 <= BUFFER/ |<+— 
COMPARATOR 


hy 


“INTERNAL BUS 


L | INTERRUPT ACKNOWLEDGE INPUT 
INTERRUPT REQUEST INPUTS 


Figure 1. Block Diagram Figure 2. Pin Configuration 


9-82 


intel 18259A PRELIMINARY 


Table 1. Pin Descriptions 


Name and Function 


Voltage: +5V supply. 
Ground: Ground. 


Data Bus: Bidirectional data bus, used for: a) programming the mode of the 8259A (pro- 
gramming is done by software); b) the microprocessor can read the status of the 8259A; 
c) the 8259A will send vectoring data to the microprocessor when an interrupt is 
acknowledged. 


-4 /O 


oO 
rT 
~s 


18-25 interrupt Requests: These are asynchronous inputs. A positive-going edge will generate an 
interrupt request. Thus a request can be generated by raising the line and holding it high 
until acknowledged, or by a negative pulse. In level triggered mode, no edge is required. 


These lines are active HIGH. 
Read: (generally from 8228 in MCS-80 system or from 8086 in MCS-86 system). 
Write: (generally from 8288 in MCS-80 system or from 8086 in MCS-86 system). 


Interrupt Acknowledge: (generally from 8228 in MCS-80 system, 8086 in MCS-86 system). 
The 8288 generates three distinct INTA pulses whan a CALL is inserted, the 8086 produces 
two distinct INTA pulses during an interrupt cycle. 


—_s 
—_ 


z 
> 


Chip Select: RD and WR are enabled by Chip Select, whereas Interrupt Acknowledge is 
independent of Chip Select. 


Address: Usually the least significant bit of the microprocessor address output. When 
AO=1 the Interrupt Mask Register can be loaded or read. When A0=0 the 8259A mode can be 
programmed or its status can be read. CS is active LOW. 


INT r Interrupt: Goes directly to the microprocessor interrupt input. This output will have high 


Von to match the 8080 3.3V Viy. INT is active HIGH. 


Cascade Lines: Three cascade lines, outputs in master mode and inputs in slave. Mode 
The master issues the binary code of the acknowledged interrupt level on these lines. 
Each slave compares this code with its own. 


Ww 
vU 
a 
m 
z 
fo») 
= 
Oo 


| QO 
ron) 

| 8 
aS 


SP/EN: A dual function pin. In the buffered mode SP/EN is used to enable bus transceivers 
(EN). In the non-buffered mode SP/EN determines if this 8259A is a master or aslave. If SP=1 
the 8259A is master; SP=0 indicates a slave. 
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I8259A 


PRELIMINARY 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias ..... -40°C to 85°C 
Storage Temperature ............ —65°C to + 150°C 
Voltage On Any Pin 

With Respect to Ground........... -—0.5V to +7V 
Power DISSIDSHON sic nesdge sven a cewe ees 1 Watt 


*“NOTICE: Stresses above those listed under ‘‘Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. 


D.C. CHARACTERISTICS (Ty = —40°C to 85°C, Voc = 5V +10%) 


[Symbol [Parameter 
Input Low Voltage —.5 


z 


Output High Voltage 


V Interrupt Output High 3.5 
eT) Voltage 2.4 


hy Input Load Current 
Output Leakage Current 


Test Conditions 


lo. = 2.2 mA 


lon= — 400 pA 


lon = — 100 pA 
lon= — 400 pA 


0 


Vcc Supply Current 


CAPACITANCE (Ty = 25°C, Voc = GND = OV) 


Input Capacitance 


I/O Capacitance 


A.C. CHARACTERISTICS (T, = —40°C to 85°C, Vec = 5V +10%) 


TIMING REQUIREMENTS 


eS 


TWLWH WR Pulse Width 


TWHDX Data Hold after WRt 

TJLJH Interrupt Request Width (Low) 
Cascade Setup to Second or 

TOI Third INTAY (Slave Only) 

TRHRL | End of RD to Next Command 

TWHRL End of WR to Next Command 


(Win 
2 
| To 
[205 
To 

[TWHAX | AOIS Hold after WAFS 
ath [200 

[“TovWH | Data Setup to WRF Sdn 
a 

8 

[300 


Test Conditions ‘ 


See Note 1 
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PRELIMINARY 


A.C. CHARACTERISTICS (Continued) 


TIMING RESPONSES 


Symbol 
3 Max. test C= 100 F 
Min. test C= 15F 


Cascade Valid from First INTAY Cint= 100 pF 


(Master Only) CeNaBLE = 15 pF 


Enable Active from RD! or INTAY 
Enable Inactive from RD? or INTAt 


Data Valid from Stable Address 
Cascade Valid to Valid Data 


NOTE: 
1. This is the low time required to clear the input latch in the edge triggered mode. 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 DEVICE 


, UNDER 
TEST POINTS TEST 


0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1" AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 
ERED RE ERNST C, INCLUDES JIG CAPACITANCE 


WAVEFORMS 


cs 
ADDRESS BUS 
Ao 


DATA BUS 
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WAVEFORMS (Continued) 


READ/INTA MODE 
ROANTA 


cs 
ADDRESS BUS 
Ao 


DATA BUS 


INTA SEQUENCE 


—+| TCVIAL |=— —s =— TCVIAL 


v 
omy AN 


~»— TIALCV ——e+ 


OTHER TIMING 
RDNA 


TWHAL 


NOTES: Interrupt output must remain HIGH at least until leading edge of first INTA. 
1. Cycle 1 in iAPX 86, iAPX 88 systems, the Data Bus is not active. 
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18279 
PROGRAMMABLE KEYBOARD/ DISPLAY INTERFACE 


INDUSTRIAL 

= Cerdip Package Only = Dual 8- or 16-Numerical Display 

= Simultaneous Keyboard Display w Right or Left Entry 16-Byte Display 
Operations RAM 

a Scanned Keyboard Mode a Single 16-Character Display 

= Scanned Sensor Mode = Mode Programmable from CPU 

a Strobed Input Entry Mode = Programmable Scan Timing 

a 8-Character Keyboard FIFO = Interrupt Output on Key Entry 

a 2-Key Lockout or N-Key Rollover with a Industrial Temperature Range: 
Contact Debounce — 40°C to + 85°C 


The Intel® 18279 is a general purpose programmable keyboard and display I/O interface device designed for use with 
Intel® microprocessors. The keyboard portion can provide a scanned interface to a 64-contact key matrix. The 
keyboard portion will also interface to an array of sensors or a strobed interface keyboard, such as the hall effect and 
ferrite variety. Key depressions can be 2-key lockout or N-key ro!lover. Keyboard entries are debounced and strobed in 
an 8-character FIFO. If more than 8 characters are entered, overrun status is set. Key entries set the interrupt output 
line to the CPU. 


The display portion provides a scanned display interface for LED, incandescent, and other popular display 
technologies. Both numeric and alphanumeric segment displays may be used as well as Simple indicators. The 8279 
has 16X8 display RAM which can be organized into dual 16X4. The RAM can be loaded or interrogated by the CPU. Both 
right entry, calculator and left entry typewriter display formats are possible. Both read and write of the display RAM 
can be done with auto-increment of the display RAM address. 


Rt2O1 40 DVec 
Ru34 39 | JRL, 
CLK LL 38 T]RLo 
iRaq 37 [DCNTL/STB 


Rl4 Ul] 36 [_] SHIFT 
KEY DATA Rts O 35 SL 
Rl. LJ 34 [J Slo 


RU 33 [FJ st, 


CNTL/STB |<———__ RESETLI9 32 LJ SLo 
CPU Libel a1 ey Bo 
INTERFACE leuk | | | clockinpuT WR 30 [) OUT By 
Preset | 1 [RESETINPUT 
DB 29 OUT B 
SCAN a 8 0 ‘alte Sihae 
[aD | t [READINPUT os, C 28 [Jour B3 
[wa | 1 |warewpur 0B, a7 Four Ag 
[Ao | | | BUFFERADDRESS * =a 
fiRa__|_© | INTERRUPT REQUEST OUTPUT, < 26 FJ OUT Ay 
[Sto-s | O[SCANLNES os, C 25 [J ouT Az 
[Alo-7 | | [RETURNUNES___— DB, sa COUT As 
fsuiet | 1 [Swietineur 
wae fentuste| 1 | CONTROLISTROBE INPUT _| DB, 23 1) 8B 
FOU Ay.s | © [OISPLAY(A)OUTPUTS —_| DB, 221 
OUT By. | 0 | DISPLAY(G) OUTPUTS | 
feo —_—| 0 [ BLANK Display ouTPUT | Mss U 21} 40 


Figure 1. Logic Diagram Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under “Absolute 


Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


. ° ° 
Ambient Temperature ......++-+55: AS Crees & tion of the device at these or any other conditions above 
Storage Temperature ............. -65 Cto125C those indicated in the operational sections of this 
Voltage on any Pin with specification is not implied. Exposure to absolute maxi- 
Respect toGround .............. -0.5V to +7V mum rating conditions for extended periods may affect 
Power Dissipgtion: «.. . caren veces ee sci dns et 1 Watt device reliability. 


D.C. CHARACTERISTICS (tT, = —40°C to +85°C, Vsg =O0V, Voc = +5V +5%) 


| Symbol a ee La | me | ee) Test Test Conditions 
Vind Input Low Voltage for 
Return Lines 


< 


| Output Low Voltage Low | Output Low Voltage Flop =16mA | = 1. Flop =16mA | mA 
Line 
| Other Outputs | Other Outputs = | log =-100HA | 00 | log =-100HA | 


oa ae Input Current on Shift, Control and oes =Vec 
Return Lines -100 = OV 


Pe a Re ne 


ete mM 


[rarametr | om | ox | vat | Tent contin 
<= Input Capacitance | 5 | 10 | pF | Vn=Veo  =— VIN = Vin=Voo 
CouT Output Capacitance | 10 | 20 | pF Vout = Vcc 


A.C. CHARACTERISTICS (tT, = —40°C to +85°C, Voc = 5V +5%) 


Bus Parameters 
READ CYCLE 


a 
[tan | Aree Stable sofoww RERB——~| so SSC*dCOe 
[tea | Aeros Hold Time for READ | 20 
[tan [READ Pee wat ——SSSS*YSCS 
[tao | Data Datay rom FED | 
tao as 
[tor 3 

a 


Symbol 


Address to Data Valid 
READ to Data Floating 
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A.C. CHARACTERISTICS (Continued) 


WRITE CYCLE 
es 
[tun | Aaa Stable Beto WITTE [iso 
[twa | Aes Hola Time for WATE | 20 
[ww | WRITE Pate wats | 
300 
a0 
a 


Data Set Up Time for WRITE 
Data Hold Time for WRITE 


Write Cycle Time 


twcy 


OTHER TIMINGS 


NOTES: 
1. The 8279 will operate as a 8279-5 from 0°C to 70°C. 
2. Voc = +5V +5%. 


3. C_ = 100 pF. 

KeVHOarG SCA TUNG sccksdvvunkivevscsdaeras 5.1 msec DIGIRON TING sicccswoxesssovsendssnconseaas 480 usec 
Keyboard Debounce Time.................. 10.3 msec BIGNKING THNG: .<.0gvsseeniscxesecngesseosas 160 usec 
ROY Seat TMG cxivcinccunyeesenseutersdenwes 80 sec Internal Clock Gycle* ...62.cecnsesescrsccceees 10 usec 
Display San Tus. 60<cccvioveavannevsa evs 10.3 msec 


*The Prescaler should be programmed to provide 10 usec internal clock cycle. 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 DEVICE 


> TEST POINTS < 
C, = 120 pF 


0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 


AND 0.8V FOR A LOGIC "0." C. = 120p 


F 
C, INCLUDES JIG CAPACITANCE 
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intel 
18282/8283 
OCTAL LATCH 


INDUSTRIAL 


= Fully Parallel 8-Bit Data Register and a 3-State Outputs 


Buffer 
a 20-Pin Package with 0.3” Center 
= Transparent during Active Strobe 
= Address Latch for iAPX 86, 88, = No Output Low Noise when Entering 
MCS-80°, MCS-85®, MCS-48° Families or Leaving High Impedance State 
a High Output Drive Capability for «= Industrial Temperature Range: 
Driving System Data Bus —40° to +85°C 


The 18282 and I8283 are 8-bit bipolar latches with 3-state output buffers. They can be used to implement latches, buf- 
fers, or multiplexers. The I8283 inverts the input data at its outputs while the I8282 does not. Thus, all of the principal 
peripheral and input/output functions of a microcomputer system can be implemented with these devices. 


Figure 2. Pin 
Figure 1. Logic Diagrams Configurations 
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Table 1. Pin Description 


Name and Function 


Strobe: STB is an input control pulse used to strobe data at the input pins (Ag—A7) into the data latches. This 
signal is active HIGH to admit input data. The data is latched at the HIGH to LOW transition of STB. 


Output Enable: OE is an input control signal which when active LOW enables the contents of the data latches 
onto the data output pin (Bo-B7). OE being inactive HIGH forces the output buffers to their high impedance 


state. 


Data Input Pins: Data presented at these pins satisfying setup time requirements when STB is strobed is 
latched into the data input latches. 


Data Output Pins: When OE is true, the data in the data latches is presented as inverted (18283) or non- 
inverted (8282) data onto the data output pins. 


FUNCTIONAL DESCRIPTION 


The 18282 and I8283 octal latches are 8-bit latches with 
3-state output buffers. Data having satisfied the setup 
time requirements is latched into the data latches by 
strobing the STB line HIGH to LOW. Holding the STB 


9-91 


line in its active HIGH state makes the latches appear 
transparent. Data is presented to the data output pins by 
activating the OE input line. When OE is inactive HIGH 
the output buffers are in their high impedance state. 
Enabling or disabling the output buffers will not cause 
negative-going transients to appear on the data output 
bus. 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under “Absolute 


Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Temperature Under Bias............ - 40°C to +85°C tion of the device at these or any other conditions above 
Storage Temperature............. — 65°C to + 150°C those indicated in the operational sections of this specifi- 
All Output and Supply Voltages........ —0.5V to +7V cation is not implied. Exposure to absolute maximum 
All Input Voltages.................. —1.0V to +5.5V rating conditions for extended periods may affect device 
POW! DISSIDGUON acca cacsteseccewessetaes 1 Watt reliability. 


D.C. CHARACTERISTICS (Vcc = 5V +10%, Ta = —40°C to +85°C) 


[~symbot [Parameter [Min ‘| Mex | Unite | Test Condens 
[ve | trput camp vote || -1 |v | w=-Sma 
[tec | Power Supply Curent | ~| 180 _ 
Te | ForwarainputCurent |_| 02 | mA | Ve=0av 
Pte) Reverse input Curent | =| «| wA «Vee SV 
Vor | Output tow vorege | «Yd mA 
[Vow | OutputHigh Votage [24 | Sd) SY «dg 8m 


"lore | Output Off Current | ~~«YS~CO BO Vorr = 0.45 to 5.25V 


F=1 MHz 
Input Capacitance 


VeiAS = 2.5V, Vcc = 5V 
Tg= 25°C 


A.C. CHARACTERISTICS (Vcc = 5V +10%, Ta = —40°C to +85°C) 
(Loading: Outputs — lo, = 20 mA, Ion = —5 mA, C, = 300 pF) 


Symbol Parameter 


TIVOV Input to Output Delay (See Note 2) 
—Non-Inverting 
TSHOV STB to Output Delay 
—Non-Inverting 
| 25 | ons 
| 50 
—- 


Output Enable Time 
Input to STB Setup Time oOo | 
TSLX | InputtoSTBHold Time | | 
TSHSL_| STBHighTime ts | 


TILIH, Input, Output Rise Time 

TOLOH 

TIHIL, Input, Output Fall Time 12 
TOHOL 


NOTES: 
1. Output Loading Io, = 20 mA, Ion = —5 mA, C, = 300 pF. 
2. See waveforms and test load circuit on following page. 


9-92 AFN-01413B 


intel 18282/8283 


A.C. TESTING INPUT, OUTPUT WAVEFORM 


INPUT/OUTPUT 


2.4 


1.5 <+—— TEST POINTS —— 1.5 


0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC "1" AND 0.45V FOR 
A LOGIC °0." TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC “1° AND “0.” 


A.C. TESTING LOAD CIRCUIT 


3-STATE TO VoL 3-STATE TO Von SWITCHING 


WAVEFORMS 
TIVSL TSLIX 
~~ 
TSHSL 
cs 


TELOV 


VouH-.1V 


OUTPUTS 


Voit+.1V 
SEE NOTE 1 


NOTE: 1.18283 ONLY — OUTPUT MAY BE MOMENTARILY INVALID FOLLOWING THE HIGH GOING STB TRANSITION. 
2. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED, 
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C 18284 


CLOCK GENERATOR AND DRIVER 


FOR iAPX 86, 88 PROCESSORS 
INDUSTRIAL 


@ industrial Temperature Range: a 
—40°C to + 85°C 


@ Generates the System Clock for the 
Industrial iAPX 86/10 


m@ Uses a Crystal or a TTL Signal for 
Frequency Source 


m@ Single +5V Power Supply 


18-Pin Package 


Generates System Reset Output from 
Schmitt Trigger Input 


Provides Locai Ready and MULTIBUS™ 
Ready Synchronization 


Capable of Clock Synchronization with 
other 8284’s 


The 18284 is a bipolar clock generator/driver designed to provide clock signals for the iAPX 86, 88 and peripherals. It 
also contains READY logic for operation with two MULTIBUS™ systems and provides the processors required READY 
synchronization and timing. Reset logic with hysteresis and synchronization is also provided. 


RESET 


PCLK 


Q READY 


CONNECTIONS FOR CRYSTAL 


CLOCK SOURCE SELECT 
EXTERNAL CLOCK INPUT 
CLOCK SYNCHRONIZATION INPUT 


READY SIGNAL FROM TWO MULTIBUS™ SYSTEMS 


ADDRESS ENABLED QUALIFIERS FOR RDY1,2 


18284 Pin Names 


CSYNC[ }1 18f ] Vcc 
PCLK [}2 177] x1 
AEN1| 43 16] | X2 
RDY1(}4 151-] NC. 

READY []5 140] EFI 
RDY2 []6 13{[] FIC 
AEN2 []7 127} OSC 

CLK []8 117] RES 
GND [}9 10f ] RESET 


Figure 2. Pin Configuration 


RESET INPUT 

SYNCHRONIZED RESET OUTPUT 
OSCILLATOR OUTPUT 

MOS CLOCK |D8086 

TTL CLOCK FOR PERIPHERALS 
SYNCHRONIZED READY OUTPUT 
+5 VOLTS 

0 VOLTS 
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ABSOLUTE MAXIMUM RATINGS* “NOTICE: Stresses above those listed under ‘‘Absolute 


Maximum Ratings’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Temperature Under Bias ............. — 40°C to 85°C tion of the device at these or any other conditions above 
Storage Temperature............. —65°C to + 150°C those indicated in the operation sections of this 
All Output and Supply Voltages........ -—0.5V to +7V specification is not implied. Exposure to absolute maxi- 
All Input Voltages.................. -—1.0V to +5.5V mum rating conditions for extended periods may affect 
Power Dissipation..................000 ce aee 1 Watt device reliability. 


D.C. CHARACTERISTICS (tp, = —40°C to 85°C, Voc = 5V +10%) 


[Symbot_[ Parameter | Min | Max | Unite| Test Conditions 
ie | Forwardinput Curent | _——+(| 08 | ma |vaoay 
Cie | Reverse input Gurrent | —*+| 80 | WA [vans 
[vc | InputForwardiamp votge |_| -10 | _V |w-Sma 
icc | Power Supply Curent | | 140 | ma 
Vn | rputWiGHVotage =| 20 | —~| V ~‘(vccrsov 
Pi 
V 
i 


Vou Output HIGH Voltage CLK —-1mA 
Other Outputs —1mA 


ViHR-Vita | RES Input Hysteresis 0.25 | Voc = 5.0V 


A.C. CHARACTERISTICS (tT, = —40°C to 85°C, Veg = 5V +10%) 
TIMING REQUIREMENTS 


ee 
[Tenet | Extemai Frequency High Time 
TT TELeH [extemal Frequency ow Tine =f 
tat reaueney—OsC—“‘“‘*~*dSOSOC*C‘SSSSS 


TCLR1X RDY1, RDY2 Hold to CLK a aa 


Test Conditions 
90% - 90% Vin 
10% - 10% Vin 


; 35 
AENT, AEN? Set-Up to RDY1, RDY2 15 
rvnen [een serupioen 
rene | esvncrow toe 
RES Set-Up to CLK 


(Note 2) 
From 0.8V to 2.0V 


From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 


a te Se ae A 
5 eae se ae ee 


TCH1CH2 


Treat | POLK HighTime ——~SCSC*~*~d~C~sr 
A a a or 
TrRvLct | Renoynsctvew OOK Geonaway [8 
TTRYHCH | Ready Active to CLK (SeeNote 8) | eeroucyy-t60 | | ne | 
Trou | ciktonesetoeay |e 
Tour | clktorciKHigh Belay «| ~SSSSSCS*~wtCi me 
Trou, | ciktoPcuKLowDely «| SSSCSC=~sCia te | 
Frouck | osctocikrigh ely «| ~~ ST | me 
Frouc. | osctocixtow Dey «|S te | 
TTOLOH | Output ise Time xcept GLK) | ——~—~«dtCeo | ne | Fromoavio2ov 
TToHOL | Output Fal Time Except CuK) | ———~—~«dt~—e | ne | romazovio ov 


NOTES: 

1.6 = EFl rise (5 ns max) + EFI fall (5 ns max). 

2. Set up and hold only necessary to guarantee recognition at next clock. 
3. Applies only to T3 and TW states. 

4. Applies only to T2 states. 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


DEVICE 
UNDER 


1.5 <—— TEST POINTS ——® 1.5 TEST 


0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC “1” AND 0.45V FOR 
A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC “1" AND “0.” 


C. = SEE NOTES 1 AND 2. 


9-96 AFN-01399A 


: 18284 


WAVEFORMS 


NAME 1/0 
EFI | 
osc 0 
TCLCH —»|<——e] TCHCL 


+— TCLCL 


= TCLA1X 


TRYLCL 


‘anna 


= TCLIVH |= THHCL > 


—>| TCLIL |j<— 


RESET O ose 


NOTE: act TIMING MEASUREMENTS ARE MADE AT 1.5 VOLTS, UNLESS OTHERWISE NOTED 


LOAD 
(SEE NOTE 1) 


PULSE LOAD 
GENERATOR (SEE NOTE 1) 


PULSE 
pains GENERATOR 
(SEE NOTE 2) 
LOAD 
(SEE NOTE 2) TRIGGER 


PULSE 


GENERATOR GENERATOR 


TRIGGER 


Ready to Clock (using Xj, X2) Ready to Clock (using EFI) 
NOTES: 
1. C, = 100 pF. 
2. CL = 30 pF. 
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18286/8287 
OCTAL BUS TRANSCEIVER 


INDUSTRIAL 


« Data Bus Buffer Driver for iAPX 86,88, a 3-State Outputs 
-R0® ~R5® -AR® 
MCS-80®°, MCS-85°, and MCS-46 a 20-Pin Package with 0.3” Center 


Families 
= No Output Low Noise when Entering 


a High Output Drive Capability for or Leaving High Impedance State 


Driving System Data Bus 
= Industrial Temperature Range: 
= Fully Parallel 8-Bit Transceivers —40°C to +85°C 


The 18286 and I8287 are 8-bit bipolar transceivers with 3-state outputs. The 18287 inverts the input data at its outputs 
while the I8286 does not. Thus, a wide variety of applications for buffering in microcomputer systems can be met. 


“) F SS | ee | ee ee 
rp q 
One OR © male 
Oa ORE © sui 
— Th ae ee 4 as a) - Se = EN 
Oneal o Ona ea) 
One Hf] Gs 1 
-~y if”  — | BN ry ee ee ttt—S a) 
sll? 17a as ij 
aes | | F 4 
(a7) | 

ae TL 
aves 


Figure 1. Logic Diagrams Figure 2. Pin Configuration 
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Table 1. Pin Description 


__Symbol_| Type Name and Function 


1 Transmit: T is an input control signal used to control the direction of the transceivers. When HIGH, it 
configures the transceiver’s By—B7 as outputs with Ag-A7 as inputs. T LOW configures Ag-A7 as the 
outputs with Bo—B7 serving as the inputs. 


Output Enable: OE is an input contro! signal used to enable the appropriate output driver (as selected by 
T) onto its respective bus. This signal is active LOW. 


fall A7 Local Bus Data Pins: These pins serve to either present data to or accept data from the processor’s local 
bus depending upon the state of the T pin. 


System Bus Data Pins: These pins serve to either present data to or accept data from the system bus 
depending upon the state of the T pin. 


FUNCTIONAL DESCRIPTION Bo-B7 pins. With T inactive, LOW and OE active LOW 

data at the Byo-B7 pins is driven onto the Ap-A7 pins. No 
The 18286 and I8287 transceivers are 8-bit transceivers output low glitching will occur whenever the trans- 
with high impedance outputs. With T active HIGH and ceivers are entering or leaving the high impedance 
OE active LOW, data at the Aj-A7 pins is driven onto the state. 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under ‘‘Absolute 


Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Temperature Under Bias............ —40°C to +85°C tion of the device at these or any other conditions above 
Storage Temperature............. - 65°C to + 150°C those indicated in the operational sections of this specifi- 
All Output and Supply Voltages........ —0.5V to +7V cation is not implied. Exposure to absolute maximum 
All INput VOMNGOGS.. «2.245 es ecte needs -—1.0V to + 5.5V rating conditions for extended periods may affect device 
Power Dissipation ............. 0... cee ee eee 1 Watt reliability. 


D.C. CHARACTERISTICS (Vcc = 5V +10%, Ta = —40°C to +85°C) 


Power Supply Current—8287 
— 8286 


Forward Input Current 


+ | 
a 


Vou Output Low Voltage —B Outputs 45 lo. = 20 mA 
—A Outputs 45 lon = 10 mA 


Vou Output High Voltage —B Outputs 2.4 V lon=-5 MA 

—A Outputs 2.4 V lon =-1MA 

lOFF Output Off Current . Vorr = 0.45V 

lorr Output Off Current Vorr = 9.25V 
Vit Input Low Voltage —A Side 0.8 Vcc = 5.0V, See Note 1 
—B Side 0.9 Voc = 5.0V, See Note 1 


Input Capacitance 


Input High Voltage 4 Voc = 5.0V, See Note 1 
12 


F=1MHz 
pF 
A.C. CHARACTERISTICS (Vcc = 5V +10%, Ta = —40°C to +85°C) 


VeIAS = 2.5V, Voc => 5V 
Ta=20°C 

(Loading: B Outputs—lo, = 20 mA, Ion = —5 mA, Cy, = 300 pF; 

A Outputs—lo, = 10 mA, Ioq = —1 mA, Cy = 100 pF) 


Parameter | Min. | Max. | Units |_Test Conditions 


—Senbol Input to Output Delay 
inverting 25 (See Note 2) 
Non-Inverting 35 


Transmit/Receive Hold Time | TEHOzZ | | ns | 
Sensi neoeie. Setup | 30 

[TEHOZ | OutputDisableTime as 
-TELOV | OutputEnabieTime =| ~—=10~S*~Ys~C=<CSTS ns 


TILIH, Input, Output Rise Time From 0.8V to 2.0V 
TOLOH 
TIHIL, Input, Output Fall Time From 2.0V to 0.8V 
TOHOL 


NOTES: 
1. B Outputs—lIo, = 20 mA, Ion = —5 mA, C, = 300 pF; A Outputs—Ic, = 10 mA, lon = —1 MA, Cy = 100 pF. 
2. See waveforms and test load circuit following. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 


INPUT/OUTPUT 


1.5 <—— TEST POINTS ——> 1.5 


0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1° AND 0.45V FOR 
A LOGIC “0." TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC “1° AND “0.” 


TEST LOAD CIRCUITS 


3-STATE TO VoL 3-STATE TO Vo. 


B OUTPUT A OUTPUT 


3-STATE TO Von 3-STATE TO Von 


B OUTPUT A OUTPUT 
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SWITCHING 


B OUTPUT 


SWITCHING 


A OUTPUT 
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WAVEFORMS 


INPUTS 


| TEHOZ = TELOV— 


OUTPUTS 


— TTVEL 


NOTE: 1. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 


oO 
Ww 
” 
z 
> 
< 
= 
rT) 
a 


DELAY N SEC 


600 


pF LOAD pF LOAD 


Output Delay vs. Capacitance 
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: 
18288 
BUS CONTROLLER 
FOR iAPX 86, 88 PROCESSORS 
INDUSTRIAL 
= Bipolar Drive Capability = Configurable for Use with an I/O Bus 
=» Provides Advanced Commands a Facilitates Interface to One or Two 


Multi-Master Busses 
= Provides Wide Flexibility in System 


Configurations = Industrial Temperature Range: 


— 40°C to 85°C 
= 3-State Command Output Drivers 


The Intel® 18288 Bus Controller is a 20-pin bipolar component for use with medium-to-large iAPX 86 processing 


systems. The bus controller provides command and control timing generation as well as bipolar bus drive capability 
while optimizing system performance. 


A strapping option on the bus controller configures it for use with a multi-master system bus and separate I/O bus. 


10B |} 1 201] Vcc 
CLK [] 2 19 [_] so 
siL}3 18 [_] s2 
DT/R]4 17 [_) MCE/PDEN 
ALE (1 16 [] DEN 
= AEN [ | 15 [_] CEN 
om MROC mRocL|7  14[-JINTA 
goss J = _ STATUS > MwIc 
STATUS }) __ DECODER AMWC [_] 8 13 [ ] lORC 
—— AMWC | muLTiBus™ MwTc AIOWG 
IORC. ) COMMAND MWTC | }9 12 [1] Alowc 
a GnoLJ10 =: 11 J iowe 
AIOWC 
iNTA Figure 2. Pin Configuration 
7 GND Vcc 
DT/R 
| aS CONTROL ADDRESS LATCH, DATA 
CONTROL | SIGNAL DEN TRANSCEIVER, AND 
INPUT | GENER- uae INTERRUPT CONTROL 
ATOR SIGNALS 
ALE 
PROCESSOR 
STATUS 
COMMAND 
+5V GND BUS 
Figure 1. Block Diagram 
CONTROL 
INPUT 
CONTROL 
MCE/PDEN SUTeeT 


DEN 


Figure 3. Functional Pin-Out 


ee 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under “‘Absolute 


Maximum Ratings’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Temperature Under Bias ............... —40°C to 85°C tion of the device at these or any other conditions above 
Storage Temperature ............... —65°C to +150°C those indicated in the operation sections of this specifica- 
All Output and Supply Voltages ......... —0.5V to +7V tion is not implied. Exposure to absolute maximum ratin- 
All Input VONAGES ....0cccnececsees wens —1.0V to 5.5V ing conditions for extended periods may affect device 
POWEr DISSIDEUON c2ccccctccunsscasedsanane xe 1.5 Watt reliability. 


D.C. CHARACTERISTICS (Vcc = 5V +10%, Ta = —40°C to 85°C) 


[Ve | input Giampvotage [i 1 |v | e-8ma 
[ee | Power Supply Current | —+| ao if maf 


Output Low Voltage 
VoL Command Outputs V 
Control Outputs V 

Output High Voltage 
VOH Command Outputs 2.4 Vv 
Control Outputs 2.4 V 


A.C. CHARACTERISTICS (Vcc = 5V +10%, Ta = —40°C to 85°C) 
TIMING REQUIREMENTS 


TCLCL CLK Cycle Period | 1258 | 
TCLCH CLK Low Time a 
[Tenet [eux ign tine ao 
[revon | Staus Acive sup tine | 95] 
[rons | staus Ave od Tine [10 | 
-—Tenct | staus naive Soup Ting | 08 | 
ae 

20 


TCLSH Status Inactive Hold Time ly 


TILIH Input Rise Time Pan 
TIHIL Input Fall Time Le 


From 0.8V to 2.0V 


/ ons From 2.0V to 0.8V 


9-104 AFN-01400A 


intel 18288 


A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 


[Symbol [Parameter —————*( Min. | Max | Unit | TestCondiions 
rev | Gontroractve Delay Sis ass 


TCLLH, ALE MCE Active Delay (from CLK) 
TCLMCH 
TSVLH, ALE MCE Active Delay (from Status) 
TSVMCH 
lo. =20mA 


a 

FroHDTL | Direction Control Active Delay | ——*«| 50 | ne 
rcHoTH | Direction Controlinactve Delay | (| 90 
Fraguch | Command Enable Time ‘| —~«| 40 | ne 


TAEHCZ | Command Disable Time | 40 | ons lo. = 16 mA 
TAELCV | Enable Delay Time | ons — | Other aH ae 
| i 


A.C. TESTING INPUT, OUTPUT WAVEFORM 


INPUT/OUTPUT 


1.5 <—— TEST POINTS ——> 1.5 


0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC "1" AND “0.” 


TEST LOAD CIRCUITS—3-STATE COMMAND OUTPUT TEST LOAD 


2.01V 2.28V 


114Q 
OUT OUT 
in pF T 


80 pF 


in pF 


3-STATE TO HIGH 3-STATE TO LOW TEST LOAD 


COMMAND OUTPUT CONTROL OUTPUT 
TEST LOAD 


AFN-01400A 


9-105 


WAVEFORMS 


TCHSV——> 


ADDRESS/DATA 


MRDC, IORC, INTA 
AMWC, AIOWC 


DEN (WRITE) 


PDEN (WRITE) 


TCHDTH—> 


a 


DT/R (READ) 
(INTA) 


TCLMCH—| 


| 
| 


NOTES: 
1. ADDRESS/DATA BUS IS SHOWN ONLY FOR REFERENCE PURPOSES 


TCVNV — 


18288 


TCHCL —* 


= TCLML 


1 
DATA VALID oO) 


= TCVNV 


TCLSH 


2. LEADING EDGE OF ALE AND MCE IS DETERMINED BY THE FALLING EOGE OF CLK OR STATUS GOING ACTIVE, WHICHEVER OCCURS LAST 
3. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS SPECIFIED OTHERWISE. 
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TSHCL|=— 


/ 


++— TCLMH 


TCHDTH 
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intel 18288 


WAVEFORMS (Continued) 


DEN, PDEN QUALIFICATION TIMING 


Vo 


[+ TCEVNV 


ADDRESS ENABLE (AEN) TIMING (3-STATE ENABLE/DISABLE) 


|«——-—_TAELCV 


OUTPUT 
COMMAND 


CEN 
TCELRH — 


NOTE: CEN must be low or valid prior to T2 to prevent the command from being generated. 


9-107 AFN-01400A 


inte 
18355* 
16,384-BIT ROM WITH I/O 


*Directly Compatible with I8085A CPU. 
INDUSTRIAL 


= Industrial Temperature Range: = 2 General Purpose 8-Bit I/O Ports 
-—40°C to +85°C 


w Each I/O Port Line Individually 


e 2048 Words x 8 Bits Programmable as Input or Output 
a Single +5V Power Supply = Multiplexed Address and Data Bus 
a Internal Address Latch = 40-Pin DIP 


The Intel® 18355 is a ROM and I/O chip to be used in the MCS-85® microcomputer system. The ROM portion is 
organized as 2048 words by 8 bits. It has a maximum access time of 400ns to permit use with no wait states in the 
I8085A CPU. 


The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line is individually 
programmable as input or output. 


Figure 1. Block Diagram Figure 2. Pin Configuration 
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intel 18355 


ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under “‘Absolute 


Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Temperature Under Bias ............... —40°C to 85°C tion of the device at these or any other conditions above 
Storage Temperature ............... —65°C to +150°C those indicated in the operational sections of this specifi- 
Voltage on Any Pin cation is not implied. Exposure to absolute maximum 

With Respect to Ground .............. —0.5V to +7V rating conditions for extended periods may affect device 
POWO DISGIDSNGN coascicccd ste ddeceesc cas sacans 1.5W reliability. 


D.C. CHARACTERISTICS (tT, =-40°C to 85°C, Voc = 5V + 5%) 


[symbol | Parometer [win _wax [Unie | Tost Gondions 
ic | Wot tow vorage fos [oe |v | vcs 
Vin | tou HighVorase | 20 | wows | V| vec=8Ov 
Rox | Ouputtowvorae [if eas | tum 
a 


Vec Supply Current 180 m 


Test Conditions 


ST 
Tt [ctk Pulse wien ————SSSS~dSC 
tAL 


n 


Tint [ CLK Rise andFaittime——S—=~idtSC“‘“(;CSC* 

tat [Address to Laton Set Up Time +50 

Tia [Adress Hold Time after Latch | 60 

Tino [Wat Data Out Delay from READ Control |__| 170 

tao | Address Stable to Data Outvaia | «Yat 

Tu _[tatch enabiewiath SSCs PO 
F sacaeutrinntmantstinencasescel 


tRDF Data Bus Float after READ | 0 | 100 | ns | 
tL READ/WRITE ControltoLatch Enable | 20 | | ns | | 


Tico READ/WRITE Controlwisth | a60 | ngs 
tow | Data intowrite Set Up Time | 10 | | ns | Ss 
Two | Data in Hold Time After wRITE | 10 | 

so 


Port Input Hold Time 
READY HOLD Time 
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intel 18355 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 


DEVICE 
UNDER 
TEST 


> TEST POINTS < 


C, = 150 pF 
0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC “1” 
AND 0.8V FOR A LOGIC “0.” C. = 150 pF 

C, INCLUDES JIG CAPACITANCE 
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intel PRELIMINARY 


I8741A 
UNIVERSAL PERIPHERAL INTERFACE 
8-BIT MICROCOMPUTER 


| INDUSTRIAL 
a 8-Bit CPU plus EPROM, RAM, I/O, Timer a Fully Compatible with MCS-48°, 
and Clock in a Single Package MCS-80® , MCS-85°®, and iAPX 86 


= One 8-Bit Status and Two Data Regis- Microprocessor Families 


ters for Asynchronous Slave-to-Master 


Interface ® Expandable I/O 
= DMA, Interrupt, or Polled Operation 

Supported = Over 90 Instructions: 70% Single Byte 
= 1024 x 8 EPROM, 64 x 8 RAM, 

8-Bit Timer/Counter, 18 Programmable = Industrial Temperature Range: 

/O Pins —40°C to + 85°C 


The Intel® 18741A is a general purpose, programmable interface device designed for use with a variety of ‘8-bit 
microprocessor systems. It contains a low cost microcomputer with program memory, data memory, 8-bit CPU, I/O 
ports, timer/counter, and clock in a single 40-pin package. Interface registers are included to enable the UPI device to 
function as a peripheral controller in MCS-48® , MCS-80® , MCS-85® , iAPX 86, and other 8-bit systems. 


The UPI-41A™ has 1K words of program memory and 64 words of data memory on-chip. 


The device has two 8-bit, TTL compatible I/O ports and two test inputs. Individual port lines can function as either in- 
puts or outputs under software controi. I/O can be expanded with the 8243 device which is directly compatible and has 
16 I/O lines. An 8-bit programmable timer/counter is included in the UPI device for generating timing sequences or 


counting external inputs. Additional UPI features include: single 5V supply, single-step mode for debug, and dual working 
register banks. 


Because it’s a complete microcomputer, the UPI provides more flexibility for the designer than conventional LSI inter- 
face devices. It is designed to be an efficient controller as well as an arithmetic processor. Applications include key- 
board scanning, printer control, display multiplexing and similar functions which involve interfacing peripheral 
devices to microprocessor systems. 


INTERNAL 
BUS 


~ 
(8) 


OBB 
STATUS 
REGISTER 


(8) 


PROGRAM ; ‘ TESTO (]1 40} ) Vcc 
STATUS Ki a a Pro 
: — PO XTAL1 (] 2 39 | |TEST 1 
| XTAL2 [13 38 YT | P27/DACK 
= DBBOUT | | DATA 
i. i= J | reser ms einen 
Db Liat & RESIDENT as — 
| 6 |_REG.BANK | Gaxe sss 36 [7] P2s/iBF 
s access cs 
a) ACCESS cs(j6é 35 [_] P24/OBF 
SYSTEM f eaAC]|7 34 [P17 
INTERFACE | gy al p 
&6B———-o ROL] 8 33 | ]P16 
cs " | | PERIPHERAL AoC) 9 32 [) P15 
Ao | | INTERFACE P 
= CONTROL K ss } -" WR (| 10 31 [P14 
“ Loaic i anmrs acl sync(]11 18741A 39 [P43 
ane K = 7 Por | Do (] 12 29) P12 
PORT 4-7 
PROG | EXPANDER O1(_] 13 28 |_| P11 
RESET —_- INTERFACE Dol] 14 27 [J P10 


10 BIT 


O ARITHMETIC 
LOGIC UNIT 
Kx8 
PROMROM | D3 (Jj 15 261 ]Vpo 
r PROGRAM 
CRYSTAL | XTAL1 ———+ ior MEMORY CONDITIONAL |7~ TEST 9 D4 (_] 16 25 [|] PROG 
OR TIMING BRANCH 
CLOCK XTAL2 ———+ 2, | Logic | ._ yest 4 Ds(_] 17 24 |) P23 
L ene De (] 18 23 [_] P22 
[ | 


PROM PROGRAM SUPPLY 


Yoo PROGRAM 


COUNTER 


POWER-| Vcc» + 5 SUPPLY 
Pa Fuss Ko 
v GROUND | eBIT 
ss 
L K TIMER a 
EVENT COUNTER 


Figure 1. Block Diagram Figure 2. Pin Configuration 
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intel 


I8741A 


PRELIMINARY 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias....... -40°C to 85°C 
Storage Temperature ............. — 65°C to + 150°C 
Voltage on Any Pin With Respect 

TGIOUAG «:.0dewee't cer camusneedess —0.5V to +7V 
POWEr DISSIOAIION .cccccccaccicnvawnvasaavas 1.5 Watt 


*“NOTICE: Stresses above those listed under ‘Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (Ta = —40°C to 85°C, Voc = Vpp = +5V +5%) 


Input High Voltage (XTAL1, XTAL2, RESET) 
Vou 
| 


Input Leakage Current (Tp, T;, RD, WR, CS, Ao, EA) 


Output Leakage Current (Dp-D7, High Z State) 


Low Input Load Current (P49P47, PaoP 27) 


Low Input Load Current (RESET, SS) 


hIpp Vpp Supply Current 
Total Supply Current 


Test Conditions 


lol. =1.6mA 


lo. =1.2mA 


IOH = -280 pA 
IOH = -30 vA 


Vss = Vin = Voc 


Vss +0.45S VouT <Voc 


Voc 
3.8 Voc 


mA Typical = 10mA 
Typical = 75 mA 


aa 
a 
a 
Lael 
= 
a 
eas 
aan: 


A.C. CHARACTERISTICS (ty = —40°C to 85°C, Veg = Vpp = +5V +5%) 


DBB READ 


Symbol Parameter 


(ies [B Pulse Wiath so 

[it |B, Ay to Data Out aay 

[ino [ABI to Data Out Delay 

aaa 
tcy 


RDt to Data Float Delay 


[toy | Oyletine ——SSC*~<C*~“~—dC( P| 


DBB WRITE 


Parameter 


tww WR Pulse Width 


GE, Ay Setup to WR 0 
| twa | CS, Ag Hold After WRI 


Data Setup to WR! 
Data Hold After WR! 


Test Conditions 


C, = 150 pF 


C.= 150 pF 
3.6 MHz XTAL 


Test Conditions 


Unit | 
a 
2 
350 | 
| 200 | | ns 
ee ee oe 
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intel 18741A PRELIMINARY 


A.C. CHARACTERISTICS—PORT 2 (1, = —40°C to 85°C, Voc = Vpp = +5V +5%) 


| Symbol | Parameter | ~—Min.__ | _Max. | Unit | Test Conditions 
tcp Port Control Setup Before Falling 
Edge of PROG 115 
tpc Port Control Hold After Falling 
Edge of PROG 65 


| tPR PROG to Time P2 Input Must Be Valid | 860 
| top _—s'|_-— Output Data Setup Time | 230 | 


Output Data Hold Time 
PROG Pulse Width 


A.C. CHARACTERISTICS—DMA 


Test Conditions 


or WR to DACK 


C, = 150 pF 


A.C. TESTING INPUT, OUTPUT WAVEFORM 


INPUT/OUTPUT 


2.4 


C, = 150 pF 
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WAVEFORMS 


SYNC 


EXPANDER 
PORT 


OUTPUT 


EXPANDER 
PORT 


DATA BUS 


I8741A 


PRELIMINARY 


ai cee Pl 


=e 
PORT 29.3 DATA PORT CONTROL N OUTPUT DATA > 


——— t(pR—_—_—___—_—_» {pr 


T 
PCRT 29.3 DATA (| PORT CONTROL K YX ea b 
| 


9-114 


=+—!Cp—+ = tpc-—+| | 


_——"———— tpp  ——————_—_—_ 
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° ADVANCE INFORMATION 
18749 


NEW HIGH PERFORMANCE 


SINGLE COMPONENT 8-BIT MICROCOMPUTER 
INDUSTRIAL 


@ EPROM Version of 8049H 

@ Use for Prototype Development 
@ 11 MHz Operational 

@ High Performance HMOS 

e@ Interchangeable with 8049 


™ 8-Bit CPU, ROM, RAM, I/O in Single @ 2K x8 ROM/EPROM 
Package 128 x 8 RAM 
@ Pin Compatible with 8048/8748 27 1/O Lines 
@ Single 5V Supply @ Interval Timer/Event Counter 
@ 1.4 usec Cycle Versions @ Easily Expandable Memory and I/O 
Ali Instructions 1 or 2 Cycles m& Compatible with 8080/8085 Series 
@ Over 90 Instructions: 70% Single Byte Peripherals 


@ Single Level Interrupt 


The Intel® 8749H is a totally self-sufficient, 8-bit parallel computer fabricated on a single silicon chip using Intel’s N-channel silicon 
gate HMOS process. 


The 8749H contains a 2K x 8 program memory, a 128 x 8 RAM data memory, 27 I/O lines,:and an 8-bit timer/counter in addition to 
on-board oscillator and clock circuits. For systems that require extra capability, the 8749 can be expanded using standard memories 
and MCS-80™/MCS-85® peripherals. To reduce development problems to a minimum and provide maximum flexibility, two 
interchangeable pin-compatible versions of this single component microcomputer exist: the 8749H with user-programmable and 
erasable EPROM program memory for prototype and preproduction systems and the 8049H with factory-programmed mask ROM 
program memory for low cost, high volume production. 

These microcomputers are designed to be efficient controllers as well as arithmetic processors. They have extensive bit handling 
Capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results from an instruction set 
consisting mostly of single bit instructions and no instructions over 2 bytes in length. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


PORT 
=} 
va | crock 


RESET —e 


2048 WORDS 
PROGRAM 
MEMORY 


128 WORDS 
DATA 
MEMORY 


SINGLE 
STEP READ 


EXTERNAL 
MEM 


ref 


INTERRUPT —o~ 


WRITE 


PROGRAM 
STORE 
ENABLE 


ADDRESS 
LATCH 
ENABLE 


8-BIT 
TIMER/ 
EVENT COUNTER 


27 
1/0 LINES 


BUS 
PORT 
EXPANDER 
STROBE 
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intel 
I8755A 


16,384-BIT EPROM WITH I/O 
*Directly Compatible with I8085A CPU. 


INDUSTRIAL 
= Industrial Temperature Range a Internal Address Latch 
—_ANne ° 
(aes ne = 2 General Purpose 8-Bit I/O Ports 
m 2048 Words x & Bits = Each I/O Port Line Individually 
= Single +5V Power Supply (Vcc) Programmable as Input or Output 


Multiplexed Address and Data Bus 


= U.V. Erasable and Electrically 
Reprogrammable mw 40-Pin DIP 


The Intel® I18755A is an erasable and electrically reprogrammable ROM (EPROM) and I/O chip to be used in the 
MCS-85® microcomputer system. The EPROM portion is organized as 2048 words by 8 bits. It has a maximum access 
time of 750 ns to permit use with one wait state in a 3 MHz I8085A system. 


The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line is individu- 
ally programmable as input or output. 


PROGICE, LL Voc (+5) 
Vpp 


Figure 1. Block Diagram Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias............ —40°C to +85°C 
Storage Temperature............. —65°C to +150°C 
Voltage on Any Pin 

With Respect to Ground............ —0.5V to +7V 
POW6r DISSIDAUON: cc csecevasvepuweseasaauses 1.5W 


*Except for programming voltage 


*NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS 


[symiot [Parameter | win 
Vix | input tow vote | 05 
Tin [input Fgh Voiage [22 
[Wor Output tow votags | 
[vow | Output High Voge | a4 
rin aa 
—— am a 
_— — 

— 


(Ta = —40°C to +85°C, Voc = Vpp = +10%) 


lon = —400 vA 


Vss = Vin S Voc 


Input Leakage pA | 
+10 hee Vss + 0.45V < Voyt = Vcc 


a 2 
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A.C. CHARACTERISTICS (Tx, = —40°C to +85°C, Veo = Vpp = +10%) 


[Symbot [Parameter 
Clock Cycle Time 


Test Conditions 


CLoap= 150 pF 


150 pF Load 


| 61, ~~ | CLK Pulse Width 

a 
Piet | CLK Rise ana FalTime 
ta, | Adres to Latch Set Up Time 


Ty 

T2 

taL 

¥ 
trp 


320 
120 
Latch to READ/WRITE Control 110 
| tea Valid Data Out Delay from READ Control 
) tap Address Stable to Data Out Valid 
tie Latch Enable Width 120 
Data Bus Float after READ 
| ite | READ/WRITE Control to Latch Enable 


READ/WRITE Control Width 270 

tow Data In to WRITE Set Up Time 170 
10 

350 


oO 


470 


100 


Fos | 
[two | Data in Hold Time Aer WRITE 
—twe | WRITE to Por Ouput 
tea | Port input Set UpTime 
[tee | Port nputHold Time 


ALE to Data Out Valid 


*Tap — (TaL + Tic), whichever is greater. 


16 


oO 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 DEVICE 
UNDER 
TEST 


C, = 150 pF 


» TEST POINTS < 


0.8 
0.45 


I 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC “1° AND 0.45V FOR 
A LOGIC 0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC “1° 


AND 0.8V FOR A LOGIC ‘0 C, = 150 pF 


C, INCLUDES JIG CAPACITANCE 
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B ® 


In 


M2114A 
1024 x 4-BIT STATIC RAM 


Max. Access Time (ns) 


Max. Current (mA 


=@ HMOS Technology = Directly TTL Compatible: All Inputs 
m= Low Power, High Speed and Outputs 
= Identical Cycle and Access Times = Common Data Input and Output Using 
= Single +5V Supply +10% Three-State Outputs 
# High Density 18 Pin Package m M2114 Upgrade 
= Completely Static Memory - No Clock = Military Temperature Range -55°C 
or Timing Strobe Required to +125°C 


The Intel® M2114A is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using HMOS, a high per- 
formance MOS technology. It uses fully DC stable (static) circuitry throughout, in both the array and the decoding, therefore it 
requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not required. The 
data is read out nondestructively and has the same polarity as the input data. Common input/output pins are provided. 


The M2114A is designed for memory applications where the high performance and high reliability of HMOS, low cost, large bit 
storage, and simple interfacing are important design objectives. The M2114A is placed in an 18-pin package for the highest 
possible density. 


It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate Chip Select (CS) lead allows 
easy selection of an individual package when outputs are or-tied. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 
A3 9 » pare, 
Ag @ > 
As @ ie] row MEMORY ARRAY 
‘ 4) SELECT 64 ROWS 
6 > amas 64 COLUMNS 
A, > 
Ag i: eee 
Bae 
1/0, © A -—] COLUMN 1/0 CIRCUITS 
8.1m _| 
vo, 2 
@® 


po) 


ee ES 
PIN NAMES 
BHD 


Ay—Ag ADDRESS INPUTS Vn- POWER (+5V) O = PIN NUMBERS 
W WRITE ENABLE GND GROUND 
SS cwpstuect | 


1/0,-1/0, DATA INPUT/OUTPUT 
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intel M2114A FAMILY 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ................ -65°C to 135°C ‘COMMENT: Stresses above those listed under “Absolute 
Slorage Temperature. 2.3 .:.c.ccressacews -65°C to 150°C Maximum Ratings” may cause permanent damage to the device. 
This is a Stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 


Voltage on any Pin 


ven Respect 1G GIOUNG. v.40 fs eee serene: OM TO: hee operational sections of this specification is not implied. Ex- 
Power Omssipalion. ..ccccecscraciedsvurentuiderssens 1.0W posure is not implied. Exposure to absolute maximum rating 
D.C, <2Upul CUPPeN «cove veussvicuavesasturséreasns 5mA conditions for extended periods may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS ™ 
Ta = -55°C to +125°C, Vcc = 5V 10%, unless otherwise noted. 


M2114AL-3/L-4 -4/- 
SYMBOL PARAMETER Min. Typ.’ Max. in. ; ‘ CONDITIONS 


[tos Input Load Current Vin = 0 to 5.5V 
(All Input Pins) 
IILo| |/O Leakage Current 10 10 CS = Vin 
Viio= = GND to Vec 


Vcc = max, Iy/o = 0 mA, 


Output Low Current 


NOTE: 

1. Typical values are for T, = 25°C and Voc = 5.0V. 

2. Duration not to exceed 30 seconds. 

3. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. Typical 
thermal resistance values of the package at maximum temperature are: 


Oy (@ 400 fom air flow) = 40°C/W 
8), (Still air) = 70°C/W 
6y¢ = 25°CIW 


CAPACITANCE 
Ta = 25°C, f = 1.0 MHz 


SYMBOL TEST 
Input/Output Capacitance 
C 


Input Capacitance 


UNIT CONDITIONS 


NOTE: This parameter is periodically sampled and not 100% tested. 


A.C. CONDITIONS OF TEST 


IOUT PUuISE LOVEIS. 66 ccc escce secs caseeewtaseese rd asrensecsaws 0.8 Volt to 2.0 Volt 
PUL ISS SNE Fal VINCE. a ccdvasvenew tuned gsaeenn vine dade oa GE R8%S Koo we 10 nsec 
input and Output TIMING LOVEIS...ccccxcasacccivneaddvacacsvvntuvvsnns 1.5 Volts 
CUIDUE LOMAS .céatstasranseewatennt eden ghorrenxe sons 1 TTL Gate and C, = 100 pF 
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intel M2114A FAMILY 


A.C. CHARACTERISTICS 1T, =-55°C to +125°C, Vec = 5V +10%. unless otherwise noted. 


READ CYCLE !1! 


M2114AL-3 M2114A-4/L-4 M2114A-5 
SYMBOL PARAMETER M M Min. Max. 
2 


in. 

Read Cycle Time 150 00 
150 

10 

15 


in. Max. Max. 
pts | AccessTime 
Output 3-state from Deselection 
5 


M2114AL-3 


M2114A-4/L-4 
SYMBOL PARAMETER Min. Max. Min. Max. 


M2114A-5 
Min. Max. 
250 
Cw WiteTime Sd 8 
Tin | WiiteRelease Time ——=SC=~=“‘~*SCS*sdSCS™SC*~“‘“RCONWOC* oS 
Cone | Output state fromwnte ——SSS*dS 
tow | Data towirte Time Overlap Sida 

[Bata Hols irom write Time 0 

NOTES: 


1. A Read occurs during the overlap of a low CS and a high WE. 
2. AWrite occurs during the overlap of alow CS and alow WE. tw is measured from the latter of CS or WE going low to the earlier of CS or 
WE going high. 


WAVEFORMS 
READ CYCLE® WRITE CYCLE 
trac twc 
——_——— ta 
ADDRESS 
® twR 
CNN NN eee LLLLLLLLLLLL LL 
cS AAA RIN ILLLL 
-——_ tco >| |=*_- toTo-——> ' 
tex TOHA WE © h\\\h 
Dour <  # 
= totw 
NOTES: Sout ae 
3. WE is high for a Read Cycle. ST delle LITT IT) 
4. Ifthe CS low transition occurs simultaneously with the WE low tow tow 
transition, the output buffers remain in a high impedance au a 
state. On ¢ (ED 9.0.0 .9.9.0.0.0. 


5. WE must be high during all address transitions. 
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TYPICAL D.C. AND A.C. CHARACTERISTICS 


NORMALIZED ta 


° o ad o °o = = = 
a a N @ wo ro) — ~ 
NORMALIZED ta 


NORMALIZED ta 


lon (mA) 


° 3 8 8 iS 
lo_ (mA) 


NORMALIZED ACCESS TIME VS. NORMALIZED ACCESS TIME VS. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


4.50 4.75 5.00 5.25 5.50 
Vec(V) Ta (°C) 
NORMALIZED ACCESS TIME VS. NORMALIZED POWER SUPPLY CURRENT 
OUTPUT LOAD CAPACITANCE VS. AMBIENT TEMPERATURE 

1.4 1.2 

1.3 1.1 

1.2 : 1.0 
2 

14 ry 0.9 
| 
4 

1.0 = 0.8 
re) 
r4 

0.9 0.7 

0.8 0.6 

a 0.5 

100 150 200 250 300 350 ‘55 -10 35 80 125 
C, (pF) Ta (°C) 
OUTPUT SOURCE CURRENT OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE VS. OUTPUT VOLTAGE 


Oo 
_ 
Ls) 
w 
> 
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In = M2115A, M2125A FAMILY 
HIGH SPEED 1K x1 BIT STATIC RAM 


ae 
a 


= HMOS Technology = TTL Inputs and Output 
-—: Dissipati 
" Ae Lacan a Uncommitted Collector (M2115A, 
i M2115AL) and Three-State Output 
= Fast Access Time Over — 55°C to (M2125A, M2125AL) 
125°C — 55 ns Maximum (M2115A, 
M2125A) a Non-Inverting Data Output 
= Single +5V Supply with + 10% 
Tolerance = Hermetic 16-Pin Dual In-Line Package 


The Intel® M2115A and M2125A families are fully static, random access memories (RAMs) organized as 1024 words by 1 
bit, which operate over a -55°C to +125 C ambient temperature range. Both open collector (M2115A) and three-state 
(M2125A) outputs are available. The M2115A and M2125A use fully DC stable (static) circuitry throughout in both the array 
and the decoding, and, therefore, require no clocks or refreshing to operate. The data is read out nondestructively and has the 
same polarity as the input data. 


The M2115AL/M2125AL is ideal for high-performance systems where speed and power dissipation are significant design con- 
siderations. They have a maximum access time of 75 ns, while power dissipation is only 413 mW maximum. The M2115A/ 
M2125A at 55 ns maximum should be considered for applications in which speed is a primary design objective. 


The devices are directly TTL compatible in all respects: inputs, outputs and a single +5V supply. A separate chip select lead 
allows easy selection of an individual package when outputs are OR-tied. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


cS oy, We 


WORD 
DRIVER 


SENSE AMPS 
AND 
WRITE 

DRIVERS 


CONTROL 
LOGIC 
(SEE TRUTH 
TABLE) 


ADDRESS 


ADDRESS 


Vec DECODER DECODER 
GND 
4 4 4 A 
| | | | ’ j | 
Ay A, A, A; Ag A, Ac A, Ag Ag CS WE Ow 
QDOOO® OOD” 1 Wt Qs) 
PIN NAMES TRUTH TABLE 
(oS CCHIIPSELECT 
OUTPUT OUTPUT 
p TO Ap __ ADDRESS INPUTS 2115A FAMILY] 21254 FAMILY | moor | 
we WRITE ENABLE [eS WE Ow] Our | Cour 
ut 1 
On DATA INPUT PH x x | [Hic z__[ Nor SevecTeD 
Dour oor WRITE “0” 


; [nice 2 | warte 
c Dour | ovr] READ _| 
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M2115AL, M2115A, M2125AL, M2125A 


ABSOLUTE MAXIMUM RATINGS* 
*COMMENT: Stresses above those listed under ‘Absolute Maxi- 


. ° ° 
Temperature Under Bias........... -65 Cto +135 C mum Ratings’’ may cause permanent damage to the device. This is 
Storage Temperature.............. -65°C to +150°C a stress rating only and functional operation of the device at these 
All Output or Supply Voltages Saar  e eae -~0.5V to +7V or at any other condition above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
All Input Voltages.............-. ... 70.5V to +6V maximum rating conditions for extended periods may affect device 
BG, Outeut Ganrent .asccacceccw anew aeueaes 20 mA reliability. 


D.C. CHARACTERISTICS"2! 
Vec = 5V +10%, Ta = -55 C to +125°C 


M2115A, M2115AL Output Low _ 
Vv M2125A, M2125AL Output Low 
Oke Voltage 


Vin Input High Voltage 
Vit Input Low Voltage i a 
hie Input Low Current eT Vec = Max., Vin = 0.4V 


lin Input High Current 


M2115A, M2115AL Output Leakage 
CEX Current 
M2125A, M2125AL Output Leakage 
Current (High Z) 
M2125A, M2125AL Current Short 
Circuit to Ground 


NOTES: 


1. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. 
Typical thermal resistance values of the package at maximum temperature are: 
6 yA (@ 400 fpyy air flow) = 45°C/W 
6 a (still air) = 60°C/W 
6 jc = 25°C/W 
2. Typical limits are at Voc = 5V, Ta = +25°C and maximum loading. 
3. Duration of short circuit current should not exceed 1 second. 
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M2115AL, M2115A, M2125AL, M2125A 


M2115AL, M2115A A.C. CHARACTERISTICS'-2!_ Veg = 5V 10%, Ta = -55°C to +125°C 
READ CYCLE 


Chip Select Time 


Chip Select Recovery Time 
tan | Address Access Time 


‘ Previous Read Data Valid After Change of 
ar Address 


WRITE CYCLE 


| Min. 
Tus | wie Eesti Tine 
[twa | Write Recovery Time 
Fw | Wite Pulse Width 8 
[ewso [Data Setup Time Prior Wite [5 
Tawi [Data Hold Time After Wite | 5 
Psa | Adress Setup Time 8 
wna [Address Hold Time 
Chip Select Setup Time | | 
Chip Select Hold Time | 8 | 


A.C. TEST CONDITIONS 


4.5V 


30022 
M2115A 
Dour 
6002 30pF 
(INCLUDING 
SCOPE AND 
JIG) 


READ CYCLE WRITE CYCLE 


cs 
Ao Ag 
| 


a 


fis DATA VALID — ina) 
" & 


PROPAGATION DELAY FROM CHIP SELECT — se 
twsa = twHa—> 
— . _—_ cca al ws i _—— 


DATA =: 


Pour UNDEFINED 


Ding 


(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V) 
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M2115AL, M2115A, M2125AL, M2125A 


M2125AL, M2125A A.C. CHARACTERISTICS"2) Vcc = 5V +10%, Ta = -55°C to +125°C 
READ CYCLE 


Test M2125AL Limits M2125A Limits 
Min. Typ. Max. Min. Typ. Max. 


Chip Select Time 
Chip Select to HIGH Z 
tan _—-'| ~_—- Address Access Time 


‘ Previous Read Data Valid After Change of 
on Address 


0 


Write Enable to HIGH Z 


Write Pulse Width 


Address Setup Time 
Address Hold Time 


Data Setup Time Prior to Write 
Chip Select Setup Time 


Data Hold Time After Write 


—_ 
oO 


A.C. TEST CONDITIONS 


4.5V 
5102 
M2125A 
Dour 
3002 30pF 
(INCLUDING 
SCOPE AND 
JIG) 


READ CYCLE WRITE CYCLE 


a x 
en aE See a 
Pour co KX OOATAVALID aa a a 


'wso 'WHD 
cs 1.5V 
<— twsa—> << tWHA—> 
'wscs ———e ty | twHcs ———> 
& 
ag ; 


Dour Lf HIGH Z Uy, 


(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V) 


Mer MU, 


Dour 
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M2115AL, M2115A, M2125AL, M2125A 


M2125AL, M2125A WRITE ENABLE TO HIGH Z DELAY 


75082 


M2125AL, 
M2125A 


5pF 


LOAD 1 


WE 
WRITE ENABLE 


Dour 


DATA OUTPUT 


Dour 
DATA OUTPUT 


“O" LEVEL 


"1" LEVEL 


M2125AL, M2125A PROPAGATION DELAY FROM CHIP SELECT TO HIGH 2 


cs 
CHIP SELECT 


Dour 
DATA OUTPUT 


Dour 
DATA OUTPUT 


“0” LEVEL | ov 
“4” LEVEL 
ae } 0.5V 
HIGH 


(All tzx xx Parameters are measured at a delta of 0.5V from 
the logic level and using Load 1.) 


CAPACITANCE* Vcc= 5V, f= 1MHz, Ta = 25°C 


M2115AL, M2115A M2125AL, M2125A 
: mits Units 


. Li 
Typ. 


Limits 


Le 


Test Conditions 


All Inputs = OV, Output Open 


CS = 5V, All other inputs = OV, 


*This parameter is periodically sampled and is not 100% tested. 


TYPICAL CHARACTERISTICS 


Icc vs. TEMPERATURE 


| etna 
en, = 
SPR EReae 
aie M2115AL, M2125AL 
(es 
ey | re 
Pt tt tT 
Pt LE | geese | 
5 50 75 2 


-25 0 2 100 125 
TEMPERATURE ( C) 


Icc (mA) 


Icc (mA) 


Icc vs. Voc 


ee 
M2115A, M2125A 
o_o 


TAA (ns) 


Vcc (V) 
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Output Open 


ACCESS TIME vs. TEMPERATURE 


15AL, M2125 


TEMPERATURE ( C) 


intel 
M2118 FAMILY 


16,384 x 1 BIT DYNAMIC RAM 
MILITARY 


Maximum Access Time (ns) 
Read, Write Cycle (ns) 
Read-Modify Cycle (ns) 


CAS Controlled Output is 
Three-State, TTL Compatible 


@ 
@ RAS Only Refresh 

m@ Low Power: 138 mW Max. Operating @ 128 Refresh Cycles Required 
= 
ss 


M@ Single +5V Supply, + 10% Tolerance 
M@ HMOS Technology 


Every 2ms 
Allows Negative Overshoot 
Vit min = -—2V 


@ All Inputs, Including Clocks, Military Temperature Range 
TTL Compatible —55° to +85°C 


The Intel® M2118 is a 16,384 word by 1-bit Dynamic MOS RAM designed to operate from a single + 5V power supply. The 
M2118 is fabricated using HMOS—a production proven process for high performance, high reliability, and high storage 
density. 

The M2118 uses a single transistor dynamic storage cell and advanced dynamic circuitry to achieve high speed with low 
power dissipation. The circuit design minimizes the current transients typical of dynamic RAM operation. These low cur- 
rent transients contribute to the high noise immunity of the M2118 in a system environment. 

Multiplexing the 14 address bits into the 7 address input pins allows the M2118 to be packaged in the industry standard 
16-pin DIP. The two 7-bit address words are latched into the M2118 by the two TTL clocks, Row Address Strobe (RAS) and 
Column Address Strobe (CAS). Non-critical timing requirements for RAS and CAS allow use of the address multiplexing 
technique while maintaining high performance. 

The M2118 three-state output is controlled by CAS, independent of RAS. After a valid read or read-modify-write cycle, 
data is latched on the output by holding CAS low. The data out pin is returned to the high impedance state by returning 
CAS to a high state. 

The single transistor storage cell requires refreshing for data retention. Refreshing is accomplished by performing RAS- 
only refresh cycles, or normal read or write cycles on the 128 address combinations of Ap through Ag during a 2ms period. 
A write cycle will refresh stored data on all bits of the selected row except the bit which is addressed. 


11 mW Max. Standby 


@ Low Vpp Current Transients 


PIN BLOCK DIAGRAM 
CONFIGURATION LOGIC SYMBOL 


+ _ Vop 
yon 64 x 128 CELL Ves 
“ peconens) OO” AR ay 
A,—»|S 
ry 128 SENSE 
2 é AMPLIFIERS ae ; 
Ale 1 OF 64 COLUMN aes aie 
a DECODERS 
A ra) 
5 <q 
A 
, nme 64 x 128 CELL 
ROW x 
DECODERS| MEMORY ARRAY 
RAS 
CAS 
WE 
Vpoo POWER (-5V) = 


Vss GROUND 
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intel 


M2118 FAMILY 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias .... —65°C to +95°C 
Storage Temperature ............. —65°Cto + 150°C 
Voltage on any Pin Relative toVssg ............... 7.5V 
ate UL TATION ocecscedasdactessawesavenns 50mA 
Power Dissipation ............0 cece cece eens 1.0W 


*COMMENT: 

Stresses above those listed under “Absolute Maximum Rating” 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at 
any other condition above those indicated in the operational 
sections of this specification is not implied. Exposure to ab- 
solute maximum rating conditions for extended periods may af- 
fect device reliability. 


D.C. AND OPERATING CHARACTERISTICS "41 
Ta = —55°C to +85°C, Vpp = 5V +10%, Vsg = OV, unless otherwise noted. 


Huo Input Load Current (any input) 


IlLo| Output Leakage Current for 
High Impedance State 


Vop Supply Current, Standby 


Ipp2 Vpp Supply Current, Operating 
IDD3 
Vpp Supply Current, Standby, 
Output Enabled 


VIL Input Low Voltage (all inputs) 


Input High Voltage (all inputs) 


aa 
vor [OutputLow vorage 
NOTES: 


1. All voltages referenced to Vss. 


Limits 


Typ.!| Max. |Unit| Test Conditions 


oO< 
<O 
Qo 9 
hc @ 2p) 
os 
4e) 
eS 
< 
O 
Sc 
x 
x 
© 
= 
fr 
DD 
> 
Ve 
O 
= 
< 
x | ek rm} -}C oO 
mo] > —)}Mm]—- — 
= 
se?) 


iA 
rr Chip Deselected: CAS at Vin, 
10 uA! Vout = 0 to 5.5V 
| 2 | mal CAS and RAS at Vin 
mA 


M2118-4, tac = tromin 
| mA | M2118-7, tac = tacmin 


a CAS at Vi_, RAS at MH 


2. Typical values are for TA = 25°C and nominal supply voltages. 
3. Ipp is dependent on output loading when the device output is selected. Specified pp MAx is measured with the output open. 


4. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. Typical 
thermal resistance values of the package at maximum temperature are: 


CAN (@ 400 fom air flow) = 45°C/W 
6, (still air) = 60°C/W 
6 jo = 25°CIW 


CAPACITANCE || 


Ta = 25°C, Vpp = 5V +10%, Vss = OV, unless otherwise noted. 


NOTES: 


I Address, Data In 7 ¢ | 
RAS, CAS, WE, Data Out } 4 | 7 


3 


|. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation: 
C = !At with AV equal to 3 volts and power supplies at nominal levels. 


av 


10-11 


M2118 FAMILY 


A.C. CHARACTERISTICS "12:3 
Ta = —55°C to +85°C, Vpp = 5V +10%, Vssg = OV, unless otherwise noted. 


READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES 


O 
| 
” 


xis pare 
on 


Transition Time (Rise and Fall) * 
Output Buffer Turn Off Delay 


Access Time From RAS 
Access Time From CAS 
Time Between Refresh 

A 


tRAC 


tCAac 
tREF 


D 
” 


Precharge Time 


tCPN 
tcRP 


tRCD 


Precharge Time‘non-pagecycles) 
to RAS Precharge Time 
to CAS Delay Time 


a 
> 
ie) 


D 
op) 


A 


D 
> 
op) 
ae 
o 
a 
= 
= 

® 


tRSH 
CAS Hold Time 

Row Address Set-Up Time 
Row Address Hold Time 
Column Address Set-Up Time 


tCSH 
taSR 
tRAH 
taSC 
tCAH Column Address Hold Time 


Column Address Hold Time, to RAS 


READ AND REFRESH CYCLES 


Random Read Cycle Time 
RAS Pulse Width 
CAS Pulse Width 


- 
D 
(@) 


tRAS 
tCAS 


tRCs Read Command Set-Up Time 
Read Command Hold Time 


tRCH 


WRITE CYCLE 


trRc Random Write Cycle Time 


tRAS RAS Pulse Width 140 10000 |! 175 #10000 
tCas CAS Pulse Width 65 95 
twcs Write Command Set-Up Time 


tWCH Write Command Hold Time 
tWCR Write Command Hold Time, to RAS 8s (ts Ss 


tCWL Write Command to CAS Lead Time 


tos 
{DH 
tOHR Data-In Hold Time, to RAS 


READ-MODIFY-WRITE CYCLE 


NOTES: 
1. 
2 


DO 


tRWC Read-Modify-Write Cycle Time 
tRRW 
tcRW 
tRWD 
tcwo 


All voltages referenced to Vss. 

Eight cycles are required after power up or prolonged periods 
(greater than 2ms) of RAS inactivity before proper device operation is 
achieved. Any 8 cycles which perform refresh are adequate for this 
purpose. 

A.C. Characteristics assume tt = 5ns. 

Assume that tacp <trcp(max). If tacp is greater than tacp (max.) 
then trac will increase by the amount that tacp exceeds trcp (max.). 
Load = 2 TTL loads and 100pF 

Assumes trcp=trcp (max.). 


sO © 


120 135 


nm 
on 
ba | 
oO 


—_ 
om | oO fo) 
ine) 


ie) 
on 
on 
1?) 


105 
165 


@ 


on 
on on 
ine) 
~~ 
wn 


120 


on 


i) 
oO 


0 
3 50 a 
65 


nn 


140 10000 | 175 19000 
10000 |} 95 10000 


co 
ee a 
aod aod 


twp Write Command Pulse Width 
tRWL Write Command to RAS Lead Time 


110 


Data-In Set-Up Time “o. 
Data-in Hold Time “30 


trcp(max.) is specified as a reference point only. If tacp is less than 
trRcD (max.) access time is trac. If tacp is greater than trcp (max.) 
access time is trcp + tcac. 

tt is measured between VjH (min.) and Vi_ (max.). 

twcs, tcwp and trwop are specified as reference points only. If twos 
= twcs (min.) the cycle is an early write cycle and the data out pin 
will remain high impedance throughout the entire cycle. If towp = 
tcwp (min.) and tawp = tRwop (min.), the cycle is a read-modify-write 
cycle and the data out will contain the data read from the selected 
address. If neither of the above conditions is satisfied, the condition 
of the data out is indeterminate. 
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M2118 FAMILY 


WAVEFORMS 


READ 


RAS 


CAS 


CYCLE 
aaa aaa tras 
ve 3S 
Vit : 
Vv 


' NNs 
Vie 
tasr tearm] fe 


Mu DY ROW \ COLUMN 
ADDRESSES rn ADDRESS x ADDRESS 
V 
IL 


a. ) 


J 


VALID 
DATA OUT 


IMPEDANCE 


WRITE CYCLE 


— 


RAS 


Vin 


Vie 


1H 
ADDRESSES 


NOTES: 1,2. 
- Von min AND Vot max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dou t- 
. torr ISMEASURED TO lout < |ILo!. 

. tps AND tpn ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 


Vit 


tog — + tpn (6) ——> 


A \/ 
Coe 


tDHR 


HIGH 
IMPEDANCE 


Vin min AND Vit max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 


.tacH IS REFERENCED TO THE TRAILING EDGE OF C CAS O OR RAS, WHICHEVER OCCURS FIRST. 


.terp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 


ONLY CYCLE (i.e, FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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i M2118 FAMILY 


WAVEFORMS 


READ-MODIFY-WRITE CYCLE 


Vv 
ADDRESSES 


IMPEDANCE 


RAS-ONLY REFRESH CYCLE 


> 
2 


tcrp 4) 
y) 


= tran 


- ROW h/ 
ADDRESSES ) ADDRESS \ 


HIGH 
IMPEDANCE 


NOTES: 1,2. Ving min AND Vit max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. Vou min AND Vo_ max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dour. 
5. torr ISMEASURED TO lout € |ILol. 
6. tps AND toy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 


i7.tcrp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e.. FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS) 
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B - 


in 


M2147 
4096 X 1 BIT STATIC RAM 


Max. Access Time (ns) 


Max. Active Current (mA) 
Max. Standby Current (mA) 


=m HMOS Technology # Automatic Power-Down 
= Completely Static Memory — No Clock m High Density 18-Pin Package 
or Timing Strobe Required @ Directly TTL Compatible — All Inputs 


and Outputs 
@ Separate Data Input and Output 
@ Three-State Output 
@ Full Military Temperature Range 


The Intel® M2147 is a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using HMOS, a high- 
performance MOS technology. It uses a uniquely innovative design approach which provides the ease-of-use features 
associated with non-clocked static memories and the reduced standby power dissipation associated with clocked static 
memories. To the military user this means low standby power dissipation without the need for clocks,address setup and 
hold times, nor reduced data rates due to cycle times that are longer than access times. 


m Equal Access and Cycle Times 


@ Single +5V Supply 
m@ +10% Power Supply Tolerance 


GS controls the power-down feature. In less than a cycle time after CS goes high — deselecting the M2147— the part 
automatically reduces its power requirements and remains in this low power standby mode as long as CS remains high. 
This device feature results in system power savings as great as 85% in larger systems, where the majority of devices are de- 
selected. 


The M2147 is placed in an 18-pin package configured with the industry standard pinout. It is directly TTL compatible in all 
respects: inputs, outputs, and a single +5V supply. The data is read out nondestructively and has the same polarity as the 
input data. A data input and a separate three-state output are used. : 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


MEMORY ARRAY 
64 ROWS 
64 COLUMNS 


oon nuwne wn = 
= 
p~ 
> 
wo 


Dout 


PIN NAMES 
Ao—A11 ADDRESS INPUTS 


WRITE ENABLE GND GROUND 
CS CHIP SELECT 
Din DATA INPUT 
Dour DATA OUTPUT 


TRUTH TABLE cs 
| We 


H| x | NOT SELECTED | HIGHZ | STANDBY 
L}L WRITE HIGH Z | ACTIVE ( 
L| H READ Dout ACTIVE We 
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M2147 
eC ee ee 


ABSOLUTE MAXIMUM RATINGS* 


-65°C to +135°C 


Temperature Under Bias 


StorageTemperature ............... -65°C to +150°C 
Voltage on Any Pin With 

RespecttoGround .................04. -1.5V to +7V 
POWeEr DISSIPAUION «cstany he edecawnncevacenns ven 1.2W 
B.C. Output Current soccnsevnssncactwewerases 20 mA 


D.C. AND OPERATING CHARACTERISTICS" 


*“COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


Ta = -55°C to +125°C, Vcc = +5V+10%, unless otherwise specified 


M2147 
Symbol Parameter Min. Typ. !2! Max. Test Conditionsp 
Hur | Input Load Current 0.01 10 uA Vcc = MAX., Vin = GND to Vcc 
(All Input Pins) 
[ILo| Output Leakage 0.1 50 uA CS = Vin, Voc = Max., 
Current Vout = GND to 4.5V 
Icc Operating Current 120 160 Ta=25°C | Voc=Max., CS=ViL 
Ta=-65°O| Outputs Oper 
Isp Standby Current 18 30 Voc=Min. to Max., CS=ViH 
IPo !3) Peak Power On 35 70 mA Vcc=GND to Vcc Min., 
Current CS=Lower of Vcc or ViH Min. 
VIL Input Low Voltage -1.0 0.8 
VIH Input High Voltage 2.0 6.0 
los'4!_ | Output Short Circuit -200 200 mA Vout = GND to Vcc 
Current TA = -55°C 
Notes: 


1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. 


2. Typical limits are at Vcc = 5V, Ta = +25°C, and specified loading. 


3. Icc exceeds Isg maximum during power on, as shown in Graph7. A pull-up resistor to Vcc onthe CS input is required to keep the device 


deselected; otherwise, power-on current approaches Icc active. 
4. Duration not to exceed 30 seconds. 


A.C. TEST CONDITIONS 


Input Pulse Levels GND to 3.5 Volts 


Input Rise and Fall Times 10 nsec 
Input and Output Timing Reference 

Levels 1.5 Volts 
Output Load See Figure 1 


CAPACITANCE 
Ta = 25°C, f = 1.0MHz!®! 


[Parameter [ax [Unit 
Input Capacitance 
Output Capacitance | 6 | pF | 


Note 5. This parameter is sampled and not 100% tested. 


Conditions 
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Vcc 


5108) 


Dout 
30 pF 
(INCLUDING 
SCOPE AND 
JIG) 


Figure 1. Output Load 


M2147 


A.C. CHARACTERISTICS 
Ta = -55°C to +125°C, Vcc = +5V+10%, unless otherwise specified 


READ CYCLE 


— Test 
ome Parameter Conditions 


a 


tpu Chip Selection to Power Up Time | ons 


tPD Chip Deselection to Power Down Time ae ee 


WAVEFORMS 


READ CYCLE NO. 1/°4! 


tre 


ADDRESS 


DATA OUT PREVIOUS DATA VALID - . DATA VALID 


READ CYCLE NO. 2 !°°! 


tLz 


HIGH IMP 
DATA OUT arsine 


IMPEDANCE 


Voc 
SUPPLY 
CURRENT 


Notes: 1. Chip deselected for greater than 55ns prior to selection. 


2. Chip deselected for a finite time that is less than 55ns prior to selection. (If the deselect time is Ons. the chip is by definition 
selected and access occurs according to Read Cycle No. 1.) 


3. WE is high for Read Cycles. 


4. Device is continuously selected, CS = Vic. 
5. Addresses valid prior to or coincident with CS transition low. 
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M2147 


A.C. CHARACTERISTICS (Continued) 
WRITE CYCLE 


M2147 Test 
Symbol Parameter Min. Max. Unit Conditions 


twc 
“tow Chip Selection to End of Write 
WAVEFORMS 
WRITE CYCLE #1 (WE CONTROLLED) 


——- _ tet ————+ 


| 


DATA IN 


HIGH IMPEDANCE 
DATA OUT DATA UNDEFINED 


WRITE CYCLE #2 (CS CONTROLLED) 


twe 
Taw 


cs 


twe eal 


MELEE EEERESRE ELL LLL LL / 


a tow tou 
DATA IN ef DATA IN VALID 


HIGH IMPEDANCE 


DATA OUT DATA UNDEFINED 


Note: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
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NORMALIZED tyy, tacs 


lec 


NORMALIZED 


M2147 


TYPICAL D.C. AND A.C. CHARACTERISTICS 


GRAPH 1 GRAPH 2 GRAPH 3 
SUPPLY CURRENT Vs. SUPPLY CURRENT Vs. OUTPUT SOURCE CURRENT VS. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE OUTPUT VOLTAGE 


100 


80 


~ ore | 
| | z °° 
8 | = 
- 75 + = 
; a 5 
= = AG 
50+ + + T — 
20 
0 
Ta (°C) 
GRAPH 4 GRAPH 5 GRAPH 6 
NORMALIZED ACCESS TIME NORMALIZED ACCESS TIME Vs. OUTPUT SINK CURRENT Vs. 
Vs. SUPPLY VOLTAGE AMBIENT TEMPERATURE OUTPUT VOLTAGE 
100 
80 
—~ 60 
c<6 
E 
wo — 
13} 
: 8 
< — 40 
- 
a 
N 
z 
z 20 
° 
= 
; 0 
4.50 4.75 5.00 5.25 5.50 0) 1.0 2.0 3.0 4.0 
Vec (V) Vout (V) 
GRAPH 7 GRAPH 8 GRAPH 9 
TYPICAL POWER-ON CURRENT ACCESS TIME CHANGE Vs. ACCESS TIME CHANGE Vs. 
Vs. POWER SUPPLY VOLTAGE INPUT VOLTAGE OUTPUT LOADING 
2 3 
y £ 
# 6) 
4 = 
4 “e 
SS 4 
= = 
“1 
Ty = 25°C 
1KQ CS PULL-UP RESISTOR TO Vcc 
0 1.0 2.0 3.0 4.0 5.0 0 1.0 2.0 3.0 4.0 
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M2147 


DEVICE DESCRIPTION 


The M2147 is produced with HMOS, a new high- 
performance MOS technology which incorporates on- 
chip substrate bias generation combined with device 
scaling to achieve high-performance. The speed-power 
product of this process has been measured at 1pj, 
approximately four times better than previous MOS 
processes. 


This process, combined with new design ideas, gives the 
M2147 its unique features. High speed, low power and 
ease-of-use have been obtained in asingle part. The low- 
power feature is controlled with the Chip Select input, 
which is not a clock and does not have to be cycled. 
Multiple read or write operations are possible during a 
single select period. Access times are equal to cycle times, 
resulting in a data rate of 11.8 MHz. This is considerably 
higher performance than for clocked static designs. 


Whenever the M2147 is deselected, it automatically re- 
duces its power requirements to a fraction of the active 
power, as shown in Figure 1. Thisis achieved by switching 
off the power to unnecessary portions of the internal 
peripheral circuitry. This feature adds up to significant 
system power savings. The average power per device 
declines as system size grows because a continually 
higher portion of the memory is deselected. Device power 
dissipation asymptotically approaches the standby power 
level, as shown in Figure 2. 


sain ooe ee oa 
opebe bed [| 
eb een 

aM 


FIGURE 1. icc WAVEFORM. 


lec 


100% DUTY CYCLE 


25% DUTY CYCLE 


SYSTEM AVERAGE DEVICE POWER 


Isp 
4K 8K 16K 32K 64K 
MEMORY SIZE IN WORDS 
FIGURE 2. AVERAGE DEVICE DISSIPATION VS. 
MEMORY SIZE. 


There is no functional constraint on the amount of time 
the M2147 is deselected. However, there is a relationship 
between deselect time and Chip Select access time. With 
no compensation, the automatic power switch would 
cause an increase in Chip Select access time, since some 
time is lost in repowering the device upon selection. A 
feature of the M2147 design is its ability to compensate for 
this loss. The amount of compensation is a function of 
deselect time, as shown in Figure 3. For short deselect 
times, Chip Select access time becomes slower than 
address access time, since full compensation typically 
requires 40ns. For longer deselect times, Chip Select 
access time actually becomes faster than address access 
time because the compensation more than offsets the 
time lost in powering up. The spec accounts for this 
characteristic by specifying two Chip Select access times, 
tACS1 and tACS2. 


tacs2 


+15% 


TYPICAL CHIP SELECT 
ACCESS TIME 


0 20 40 60 80 100 
DESELECT TIME (ns) 


FIGURE 3. tacs VS. DESELECT TIME. 


The power switching characteristic of the M2147 requires 
more careful decoupling than would be required of a 
constant power device. It is recommended that a 0.1yuF to 
0.3uF ceramic capacitor be used on every other device, 
with a 22uF to 47uF bulk electrolytic decoupler every 16 
devices. The actual values to be used will depend on board 
layout, trace widths and duty cycle. Power supply 
gridding is recommended for PC board layout. A very 
satisfactory grid can be developed on a two-layer board 
with vertical traces on one side and horizontal traces on 
the other, as shown in Figure 4. 


as 


H 
LT, 
E 
Lay, 


FIGURE 4. PC LAYOUT. 


Terminations are recommended on input signal lines to 
the M2147 devices. In high speed systems, fast drivers can 
cause significant reflections when driving the high 
impedance inputs of the M2147. Terminations may be 
required to match the impedance of the line to the driver. 
The type of termination used depends on designer 
preference and may be parallel resistive or resistive- 
Capacitive. The latter reduces terminator power dis- 
Sipation. 


—_—  —h— SSSSSSSSSSSSMSmmmmmMMsseseseseseseees 
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intel M2147H 
HIGH SPEED 4096 x 1 BIT STATIC RAM 
MILITARY 


M2147H-3 [ana7H 
Max. Access Time (ns) 


Max. Active Current (mA) a 
Max. Standby Current (mA) a ee ee ee 


Direct Performance Upgrade for M2147 
Automatic Power-Down 


= Pinout, Function, and Power Com- 
patible to Industry Standard M2147 


a HMOS Il Technology High Density 18-Pin Package 


| 
a 
e 
=» Completely Static Memory—No Clock «5 Separate Data Input and Output 
or Timing Strobe Required =» Three-State Output 
i 


» Equal Access and Cycle Times Full Military Temperature Range 
a Single +5V Supply — 55°C to +125°C 


The Intel® M2147H is a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using 
HMOS JI, Intel’s next generation high-performance MOS technology. It uses a uniquely innovative design 
approach which provides the ease-of-use features associated with non-clocked static memories and the 
reduced standby power dissipation associated with clocked static memories. To the user this means low 
standby power dissipation without the need for clocks, address setup and hold times, nor reduced data 
rates due to cycle times that are longer than access times. 


CS controls the power-down feature. In less than a cycle time after CS goes high—deselecting the 
M2147H—the part automatically reduces its power requirements and remains in this low power standby 
mode as long as CS remains high. This device feature results in system power savings as great as 85% in 
larger systems, where the majority of devices are deselected. 


The M2147H is placed in an 18-pin package configured with the industry standard pinout. It is directly TTL 
compatible in all respects: inputs, output, and a single + 5V supply. The data is read out nondestructively 
and has the same polarity as the input data. A data input and a separate three-state output are used. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


MEMORY ARRAY 
64 ROWS 
64 COLUMNS 


M2147H 


COLUMN I/O CIRCUITS 
PIN NAMES 
COLUMN SELECT 


TRUTH TABLE 
[es[WE| —— MoDe _—|ourPuT | POWER __ 
H| x | NOT SELECTED | HIGHZ | STANDBY 
L} WRITE HIGH Z | ACTIVE 
L| H READ Dour ACTIVE 


intel M2147H 


ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those listed under “Abso- 
lute Maximum Ratings” may cause permanent damage 
Temperature Under Bias .......... — 65°C to + 135°C to the device. This is a stress rating only and functional 
Storage Temperature............. — 65°C to + 150°C operation of the device at these or any other conditions 
Voltage on Any Pin above those indicated in the operational sections of this 
With Respect toGround............ -—3.5Vto +7V specification is not implied. Exposure to absolute maxi- 
POWGr DISSIDATION «cv iccccvae erste nacieasenwee 1.2W mum rating conditions for extended periods may affect 
O.G. Cutout CUTON «icc cet cecavunneywodnwnns 20mA device reliability. 


D.C. AND OPERATING CHARACTERISTICS"! 
(Ta= —55°C to + 125°C, Vec = +5V +10%, unless otherwise noted.) 


M2147H- | M2147H-3, M2147H | M2147H 
Parameter ae ea an Test Conditions 


Input Load Current (All Input Pins) | | 0.01 | 10 | Voc = Max., Vin= GND to Vcc 


llLo| | Output Leakage Current 0.1 50 - CS = Vin, Voc = Max., 
an GND to 4.5V 


Operating Current Pp ee Voc = Max., CS=Vi, 
_ | 180_| m 


“a Standby Current P| 18 | 30 | m Voc = Min. to Max., CS = Viy 


Sct Hcl al == 

cS Lower of Voc or Viy Min. 
Wa [input tow vonage ——SSCS~d wo 
Vn [iputrighvotge | 20 | eo fv) 
[Vou [Outputuow vottags dS on |v tema 
vou [Output High vottage | 2a | | |v [n= -40ma 


NOTES: 
1. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. Typical 
thermal resistance values of the package at maximum temperature are: 
Oya (@ 400 fou air flow) = 40°C/W 
65 (Still air) = 70°C/W 
636 = 25°C/W 
2. Typical limits are at Voc = 5V, Ta = + 25°C, and Load A. 
3. A pull-up resistor to Voc on the CS input is required to keep the device deselected; otherwise, power-on current approaches loc 


active. 
Vec 

510:: 
A.C. TEST CONDITIONS Fi 
ee ————— OuT 
Input Pulse Levels GND to 3.0V TA eounmee 
Input Rise and Fall Times 5ns SCOPE AND 
Input Timing Reference Levels 1.5V His 
Output Timing Reference Levels 0.8-2.0V 
Output Load See LoadA 
CAPACITANCE"! (1, = 25°C, f=1.0 MHz) oh 
Symbol] Parameter _ [Max.|Unit|Conditions ne 


NOTE: 
4. This parameter is sampled and not 100% tested. 
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intel M2147H 


A.C. CHARACTERISTICS (1, = - 55°C to + 125°C, Veg = +5V + 10%, unless otherwise noted.) 
Read Cycle 


ssa = Wgeaaeee 


tac! Read Cycle Time 


Chip Select Access Time BB 


Output Hold from Address Change 


taa 
i 5 
Chip Select Access Time 
tou ae! 
| 
tey | 
tpp 


Chip Deselection to Output in High Z 
| tey | Chip Selection to Power Up Time — ae 


WAVEFORMS 


Read Cycle No. 1/45! 


ADDRESS 


DATA OUT PREVIOUS DATA VALID DATA VALID 


Read Cycle No. 2/46 


tLz 


HIGH IMPEDANCE 
DATA OUT DATA VALID 
IMPEDANCE 


NOTES: 

. All Read Cycle timings are referenced from the last valid address to the first transitioning address. 

At any given temperature and voltage condition, tz max. is less than t,z min. both for a given device and from device to device. 

. Transition is measured +500 mV from steady state voltage with Load B. 

. WE is high for Read Cycles. 

Device is continuously selected, CS=Vj,. 

Addresses valid prior to or coincident with CS transition low. 

. This parameter is sampled and not 100% tested. 

. Chip deselected for greater than 55 ns prior to selection. 

. Chip deselected for a finite time that is less than 55 ns prior to selection. (If the deselect time is 0 ns, the chip is by definition 
selected and access occurs according to Read Cycle No. 1) 


OMNOOhWND = 
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intel M2147H 


A.C. CHARACTERISTICS (Continued) 
Write Cycle 


M2147H-3 M2147H 
Parameter Min. Max. | Min. Max. 


Write Cycle Time 
Chip Selection to End of Write 
Address Valid to End of Write 


se 
i se 
Data Valid to End of Write | 2 
Write Enabled to OutputinHighZ | 0 25 | 
Output Active from End of Write 7 a 


WAVEFORMS | ™ 
Write Cycle No. 1 sons —C—C“‘Cis 


(WE CONTROLLED)! 


cSt! 


We 


DATA IN 


twz —— tow 


HIGH IMPEDANCE 


DATA OUT DATA UNDEFINED 


Write Cycle No. 2 ™ 
(ESCONTROLLEDY4 scones a 
REE BEEELSE rit A SLL Sf 


fe tow tou 
DATA IN & DATA IN VALID 


~ wz 


HIGH IMPEDANCE 
DATA OUT DATA UNDEFINED 


NOTES: 

1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured + 500 mV from steady state voltage with Load B. 

4. CS or WE must be high during address transitions. 
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intel M2148H 
HIGH SPEED 1024 x 4 BIT STATIC RAM 


MILITARY 


Max. Access Time (ns) 


Max. Active Current (mA) 
Max. Standby Current (mA) 


s HMOS II Technology a» High Density 18-Pin Package 

2 Completely Static Memory—No Clock 2 Industry Standard M2114A Pinout 
nS Soe heqanee a Common Data Input and Output 

a Three-State Output 


a Single +5V Supply a Full Military Temperature Range 
=» Automatic Power-Down — 55°C to +125°C 


=» Equal Access and Cycle Times 


The Intel® M2148H is a 4096-bit static Random Access Memory organized as 1024 words by 4 bits using 
HMOS IL a high-performance MOS technology. It uses a uniquely innovative design approach which pro- 
vides the ease-of-use features associated with non-clocked static memories and the reduced standby 
power dissipation associated with clocked static memories. To the user this means low standby power 
dissipation without the need for clocks, address setup and hold times, nor reduced data rates due to cycle 
times that are longer than access times. 


CS controls the power-down feature. In less than a cycle time after CS goes high—disabling the M2148H 
—the part automatically reduces its power requirements and remains in this low power standby mode as 
long as CS remains high. This device feature results in system power savings as great as 85% in larger 
systems, where the majority of devices are disabled. 


The M2148H is placed in an 18-pin package configured with the industry standard 1K x 4 pinout. It is 
directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. The data is read out 
nondestructively and has the same polarity as the input data. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


MEMORY ARRAY 
64 ROWS 
64 COLUMNS 


© =PIN NUMBERS 


M2148H 


ADDRESS INPUTS 
WRITE ENABLE 
CHIP SELECT 

DATA INPUT/OUTPUT 
POWER (+5V) 
GROUND 
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intel M2148H 


ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those listed under “Abso- 
lute Maximum Ratings” may cause permanent damage 
Temperature Under Bias .......... — 65°C to + 135°C to the device. This is a stress rating only and functional 
Storage Temperature............. — 65°C to + 150°C operation of the device at these or any other conditions 
Voltage on Any Pin above those indicated in the operational sections of this 
With Respect to Ground ............ —3.5Vto +7V specification is not implied. Exposure to absolute maxi- 
Power Dissipation .....006 cease Ted ese we aves 1.2W mum rating conditions for extended periods may affect 
DG. Output Gurrartt «2.205 ceasccecsesdassanes 20mA device reliability. 


D.C. AND OPERATING CHARACTERISTICS"! 
(Ta = — 55°C to + 125°C, Voc = +5V + 10%, unless otherwise noted.) 


Sy Min. Typ.!2] Max. Test Conditions 


Input Load Current (All Input Pins) 0.01 10 Voc = Max., Vin= GND to Voc 


llLo| | Output Leakage Current 0.1 50 | pA | CS=Vin, Voc = Max., 
VouTt= GND to 4.5V 
Operating Current 120 180 | mA | Ta= —55°C | Voc = Max., CS=Vj,, 
Outputs Open 


mbol 
Standby Current 15-30 Voc = Min. to Max., CS = Viy 
Ipo!3]_ =| Peak Power-On Current 25 50 | mA | Voc=GND to Vgc Min. 

CS = Lower of Vcc or Viy Min. 
IL 
IH 
OL 
OH 


60 | v_ 
4 


NOTES: 
1. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute. Typical 
thermal resistance values of the package at maximum temperature are: 
6), (@ 400 fpy air flow) = 40°C/W 
654 (Still air) = 70°C/W 
8 jc = 25°C/W 
2. Typical limits are at Voc = 5V, Ta= + 25°C, and Load A. 
3. A pull-up resistor to Vcc on the CS input is required to keep the device deselected; otherwise, power-on current approaches loc 


active. 
+5V 
4802 
A.C. TEST CONDITIONS 
plats Gate Read pei RES SPE eT Oe Oe D 
Input Pulse Levels GND to 3.0V iil 30 pF 
Input Rise and Fall Times 5 ns 2550 noted ig 
Input and Output Timing Reference JIG) 
Levels Lav 
Output Load See Load A = 
Load A 
+5V 
CAPACITANCE"! (1, = 25°C, f= 1.0 MHz) eon 
Dout 
: none 2550 SpF 
nput/Output _ 
NOTE: = 
4. This parameter is sampled and not 100% tested. Load B 
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intel M2148H 


A.C. CHARACTERISTICS (1, = —55°C to + 125°C, Voc= +5V + 10% unless otherwise noted.) 
Read Cycle 


M2148H 
Parameter Min. Max. 


T tac | Read Gycietime —SSSCSS~*~iS=ia SP 
[tax | Address Access Time —=S=C=~=“*‘~—rtCS*C“‘CS*C*SOSC*Cns=| 
[tues | Chip Select Access Time —=~=SC~sdtC‘“‘CSC#*#ON™C*dséCOs = 

[~tacse | Chip Select Access Time ——=«d|—SCS~S~SOSs 
iz | Chip Selection Outputin towZ ‘| a0 SS~dSCs 


| tz | Chip Deselection to Output in High Z 
| tpp | Chip Deselection to Power Down Time 


WAVEFORMS 
Read Cycle No. 1/54! 


ADDRESS 


DATA OUT PREVIOUS DATA VALID DATA VALID 


Read Cycle No. 2/55! 


tiz 


HIGH IMPEDANCE 


DATA OUT 
IMPEDANCE 


NOTES: 

1. Chip deselected for greater than 55 ns prior to CS transition low. 

2. Chip deselected for a finite time that is less than 55 ns prior to CS transition low. (If the deselect time is 0 ns, the chip is by defini- 
tion selected and access occurs according to Read Cycle No. 1.) 

. WE is high for Read Cycles. 

. Device is continuously selected, CS=V,,. 

. Address valid prior to or coincident with CS transition low. 

. Transition is measured +500 mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested. 


Oonh WwW 
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intel M2148H 
A.C. CHARACTERISTICS (Continued) 
M2148H 
Min. Max. 
0 


Write Cycle 


=a 


Write Cycle Time 7 
Chip Selection to End of Write 
Address Valid to End of Write 


7m 
_ 
8 
| tas | Address Setup Time | 
| twe | Write Pulsewidth | 8 
ae 
| tow | DataValidtoendof Write | 5 
| ton | DataHoldTime | 
0 
— ae 


Write Enabled to Output in High Z 
Output Active from End of Write 


WAVEFORMS 
Write Cycle No. 1 
(WE CONTROLLED) 


Write Recovery Time ) 


twec 

ADDRESS Fa ei pee ieieeeesnscl 
cst) = AM WLLL LLL LLL: 

tas — twr 
_ wl wP 

toH 
DATA IN {cara ) 
twz tow> 

DATA OUT DATA UNDEFINED HIGH IMPEDANCE 


Write Cycle No. 2 
(CS CONTROLLED) 


appRESS 


DATA IN 


HIGH IMPEDANCE 


DATA OUT DATA UNDEFINED 


NOTES: 
1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
2. Transition is measured + 500 mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested. 
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M2716/M2716M 
16K (2K x 8) UV ERASABLE PROM 
MILITARY 
=# Military Temperature Range = Fast Access Time; 450 ns maximum 


M2716M: —55°C to 125°C 
M2716: —55°C to 100°C 


# 5V +10% Vic 


= Pin Compatible to Intel’s M2732 32K 
EPROM 


# Static Standby Mode 


= Low Power Dissipation of 165 mW 
maximum standby power 


= Inputs and Outputs TTL Compatible 
during Read and Program 


The Intel® M2716M and M2716 are 16 384-bit ultraviolet erasable and electrically programmable read only 
memories (EPROMsS) specified over the military and extended temperature range respectively. They operate 
from asingle +5V power supply, have a static power-down mode, and feature fast, single-address location 
programming. It makes designing with EPROMs faster, easier and more economical. Both products are 
manufactured from the same dice. Except for the operating temperature range, both products have the same 
electrical and programming specifications. 


The M2716/M2716M has a static standby mode which reduces the power dissipation without increasing 
access time. The active power dissipation is reduced by over 60% in the standby power mode. Both are pin 
compatible to Intel’s 32K military EPROM, the M2732. 


The M2716/M2716M has the simplest and fastest method devised yet for programming EPROMs—single pulse 
TTL level programming. No need for high voltage pulsing because all programming controls are handled by 
TTL signals. Program any location at any time—either individually, sequentially or at random, with the 
M2716’ssingle-address location programming. Total programming time for all 16,384 bits is only 100 seconds. 


PIN CONFIGURATIONS MODE SELECTION 


Vpp Vcc OUTPUTS 
(21) (24) | (9-11, 13-17) 


M2716 M2732 


ee re as | ts ml 
es 
Program Verify a asl 


BLOCK DIAGRAM 


DATA OUTPUTS 
Vcc O———> 09-07 
(ere see ee ame ete 


OUTPUT ENABLE 
CHIP ENABLE AND -}—~. 


PROG LOGIC 
t aecsl 
Hi 


OUTPUT BUFFERS 
Y-GATING 


16,384 BIT 
CELL MATRIX 


Y 
DECODER 
Ao-A10 
ADDRESS 
INPUTS 
x 
DECODER 
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M2716/M2716M 


PROGRAMMING 

The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions Section 

Absolute Maximum Ratings* *Notice: 

Temperature Under Bias ................ —65°C to + 135°C Stresses above those listed under ‘‘Absolute Maximum Ratings’’ 
Storage Temperature ~65°C to + 150°C may cause permanent damage to the device. This is a stress 


rating only and functional operation of the device at these or any 


All Input or Output Voltages with other conditions above those indicated in the operational sec- 
Respect to Ground ..... 2. cece en eceesnnns + 6V to — 0.3V tions of this specification is not implied. Exposure to absolute 

Vpp Supply Voltage with Respect maximum rating conditions for extended periods may affect de- 
to Ground During Program.............. + 26.5V to —0.3V vice reliability. 


D.C. AND A.C. READ OPERATING CONDITIONS 


Temperature Range 


Veo | Ve 
M2716M _55°C to + 125°C BV + 10% 
M2716 ~55°C to + 100°C BV + 10% 


D.C. Characteristics 


Parameter Min. | 


Input Load Current 
Output Leakage Current 


Vpp Current 
Voc Current (Standby) 


NOTES: 1. Voc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 


2. Vpp may be connected directly to Voc except during programming. The supply current would then be the sum of loc and Ipp4. 
3. Typical values are for Ta= 25°C and nominal supply voltages. 


4. This parameter is only sampled and is not 100% tested. 


Typical Characteristics 


Icc CURRENT ACCESS TIME ACCESS TIME 


vs. vs. vs. 
TEMPERATURE CAPACITANCE TEMPERATURE 


Tacc (ns) 


s 2 & 


a lcc2 ACTIVE CURRENT | 
CE 


=Vit 
Vcc =5V 


Ee beaded 
Seo es 
PET 


Veco =5V 
-60 -40 -20 0 20 40 60 80 100 120 140 


. + 
| tr 
TEMPERATURE (°C) 


lec (mA) 
> 
oO 
Tacc (ns) 


-—60 -40 -20 0 20 40 60 80 100 120 140 
TEMPERATURE (°C) 


M2716/M2716M 


A.C. Characteristics 


Parameter Tent 
Output Hold From Addresses, CE or CE=OE= Vib 
OE Whichever Occurred First 


A.C. Test Conditions: 


|__Parameter___| Typ. | Max. | Unit | Conditions Output Load: 1 TTL gate and C, = 100 pF 
Input Capacitance | 4 | 6 | pF | Vin=OV | Input Rise and Fall Times: <20 ns 
our _| Output Capacitance Input Pulse Levels: 0.8V to 2.2V 


Timing Measurement Reference Level: 


Inputs 1V and 2V 
Outputs 0.8V and 2V 


A.C. Waveforms)! 


é e e 
ADDRESSES 4 ete 

a e e 
CE 

@ee#se 

tcE 
(450 MAX.) 

OE 


@#eeeeese¢e&e?ee e® 
toE tor 
Le tis0 MAX.) (130 MAX.) 
[6] [7] 
tacc ; 
(450 MAX.) OH 


_ eons LULL, 
ANNAN 


NOTES: 1. Vcc must be applied simultaneously or before Vpp and removed simultane- 

ously or after Vpp. 

2. Vpp may be connected directly to Vcc except during programming. The 
supply current would then be the sum of Icc and Ipp}. 

3. Typical values are for Ta = 25°C and nominal supply voltages. 

4. This parameter is only sampled and is not 100% tested. 

5. All times shown in parentheses are minimum and are nsec unless other- 
wise specified. 

6. OE may be delayed up to tacc — tog after the falling edge of CE without 
impact on tacc. 

7. tpg is specified from OE or CE, whichever occurs first. 
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M2716/M2716M 


DEVICE OPERATION 


The five modes of operation of the M2716 are listed in 
Table 1. It should be noted that all inputs for the five 
modes are at TTL levels. The power supplies required 
are a + 5V Vcc and a Vpp. The Vpp power supply must be 
at 25V during the three programming modes, and must 
be at 5V in the other two modes. 


MODE. SELECTION 


OUTPUTS 
(9-11, 13-17) 


Program Inhibit 


READ MODE 


The M2716 has two control functions, both of which 
must be logically satisfied in order to obtain dat at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and should be used to gate data to 
the output pins, independent of device selection. 
Assuming that addresses are stable, address access 
time (tacc) is equal to the delay from CE to output (tc.). 
Data is available at the outputs 150 ns (tog) after the fall- 
ing edge of OE, assuming that CE has been low and 
addresses have been stable for at least tacc-toe. 


STANDBY MODE 


The M2716 has a standby mode which reduces the ac- 
tive power dissipation by 75%, from 633 mW to 165 mW. 
The M2716 is placed in the standby mode by applying a 
TTL high special to the CE input. When in standby 
mode, the outputs are in a high impedance state, inde- 
pendent of the OE input. 


OUTPUT OR-TIEING 


Because M2716’s are usually used in larger memory 
arrays, Intel has provided a 2 line control function that 
accommodates this use of multiple memory connec- 
tions. The two line control function allows for 


a) the lowest possible memory power dissipation, and, 
b) complete assurance that output bus contention will 
not occur. 


To most efficiently use these two control lines, it is rec- 
ommended that CE (pin 18) be decoded and used as the 
primary device selecting function, while OE (pin 20) be 
made a common connection to all devices in the array 
and connected to the READ line from the system control 
bus. This assures that all deselected memory devices 
are in their low power standby mode and that the output 
pins are only active when data is desired from a par- 
ticular memory device. 


PROGRAMMING 


Initially, and after each erasure, all bits of the M2716 are 
in the ‘‘1” state. Data is introduced by selectively pro- 
gramming “‘0’s” into the desired bit locations. Although 
only “0’s” wil be programmed, both ‘1’s” and “0’s” can 
be presented in the data word. The only way to change a 
“0” to a “1” is by ultraviolet light erasure. 


The M2716 is in the programming mode when the Vpp 
power supply is at 25V and OE is at Vj. The data to be 
programmed is applied 8 bits in parallel to the data out- 
put pins. The levels required for the address and data 
inputs are TTL. 


When the address and data are stable, a 50 msec, active 
high, TTL program pulse is applied to the CE input. A 
program pulse must be applied at each address location 
to be programmed. You can progam any location at any 
time — either individually, sequentially, or at random. 
The program pulse has a maximum width of 55 msec. 
The M2716 must not be programmed with a DC signal 
applied to the CE input. 


Programming of multiple M2716’s in parallel with the 
same data can be easily accomplished due to the sim- 
plicity of the programming requirements. Like inputs of 
the paralleled M2716’s may be connected together when 
they are programmed with the same data. A high level 
TTL pulse applied to the CE input programs the parail- 
leled M2716’s. 


PROGRAM INHIBIT 


Programming of multiple M2716’s in parallel with dif- 
ferent data is also easily accomplished. Except for CE, 
all like units (including OE) of the parallel M2716’s may 
be common. A TTL level program pulse applied to a 
M2716’s CE input with Vpp at 25V will program that 
M2716. A low level CE input inhibits the other M2716 
from being programmed. 


PROGRAM VERIFY 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The 
verify may be performed with Vpp at 25V. Except during 
programming and program verify, Vpp must be at 5V. 


DEVICE RELIABILITY 


The M2716 is built on a proven 2 layer polysilicon NMOS 
technology. Extensive testing and monitoring has al- 
lowed us to achieve failure rates equal to other memory 
devices. For detailed failure rate predictions and reli- 
ability data, request Intel 2716 Reliability Report 19A. 
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M2732 
32K (4K x 8) UV ERASABLE PROM 
MILITARY 
= Military Temperature Range: w 5V+10% Vic 
M2732: —55°C to + 100°C = Low Power Dissipation: 
M2732/S8416: —55°C to + 125°C 150 mA Max. Active Current 
= Industry Standard Pinout... JEDEC 45 mA Max. Standby Current 
Approved = Pin Compatible to Intel® M2716 EPROM 
= Fast Access Time: 450 ns Maximum = Three-State Output for Direct Bus 
(M2732) Interface 


The Intel M2732 is a 32,768-bit ultraviolet erasable and electrically programmable read-only memory 
(EPROM). The M2732 operates from a single 5-volt power supply, has a standby mode, and features an output 
enable control. The pinout is an industry standard and is compatible to the JEDEC committee approved pin- 
outs for 16K to 64K bit EPROMs. This standardization, and with a 28-pin site design, allows easy upgrade to 
higher densities without changing board designs. 


An important feature is the separate output control, Output Enable (OE), from the Chip Enable control (CE). 
The OE control eliminates bus contention in multiple bus microprocessor systems. Intel’s Application Note 
AP-72 describes the microprocessor system implementation of the OE and CE controls on Intel’s EPROMs. 
AP-72 is available from Intel’s Literature Department. 


The M2732 has a standby mode which reduces the power dissipation without increasing access time. The 
maximum active current is 150 mA, while the maximum standby current is only 45 mA, a 70% savings. The 
standby mode is achieved by applying a TTL-high signal to the CE input. 


PIN CONFIGURATION MODE SELECTION 


The M2732/S8416 has the same electrical specifications as the M2732 but operation is over the military tem- 
perature range (—55°C to 125°C) at a 550 ns access time. It is ideal for applications which require a wider 
temperature range than the M2732 and high performance is not a requirement. 

CE | OE/Vpp Vec OUTPUTS 

(18) | (20) (24) | (9-11,13-17) 


Program Vit Vpp Din 


BLOCK DIAGRAM 


DATA OUTPUTS 
Vcc o> 00-07 


_OE AND 
CE LOGIC 


PIN NAMES —— 


ADDRESSES 


CHIP ENABLE 


OUTPUT ENABLE 
OUTPUTS 


Ao-A11 
AODRESS 
INPUTS 


32,768-BiT 
CELL MATRIX 


Ao-Ai4 
oF 
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The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions Section. 
ABSOLUTE MAXIMUM RATINGS* “COMMENT 

: Stresses above those listed under “Absolute Maximum Ratings” may cause 

Temperature Under Bias .......... —65°C to + 135°C patmanent damage tafe davide.. This ind strese talingonlyant tutetenal 

Storage Temperature —~65°C to + 150°C operation of the device at these or any other conditions above those 

Peed ao indicated in the operational sections of this specification is not implied 

All input vi Output Voltages with Exposure to absolute maximum rating conditions for extended periods 

POSOSCt 10 GOWN cucedessvevsavencas +6V to -0.3V may affect device reliability 


D.C. AND A.C. READ OPERATING CONDITIONS 


Temperature Range 
M2732 —55°C to +100°C 5V +10% 
M2732 S8416 —55°C to +125°C 5V +10% 


READ OPERATION 


Output Leakage Current 
Vcc Current (Standby) 


Input High Voltage 
Output Low Voltage 


Output High Voltage 


Note: 1. Typical values are for Ta = 25°C and nominal supply voltages. 


TYPICAL CHARACTERISTICS 


ee ae CE TO OUTPUT DELAY (tc,) CE TO OUTPUT DELAY (tc) 
no VS. CAPACITANCE VS. TEMPERATURE 


70 loca (ACTIVE CURRENT} 
CE- Vy 
60 Vec = 5V 


tce (ns) 


a 
°o 


tce (ns) 


Hoe 


tcc1 (STANDBY CURRENT) 
—— CE = Vin 
Vec = 5V 


0 
-60-40 -20 0 20 40 60 80 100 120 


-60 -40 -20 0 20 40 60 80 100 120 
TEMPERATURE | C) C, (pF) 


TEMPERATURE ( C) 
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A.C. CHARACTERISTICS 


) Limits 
M2732, | | s,s 450 __ 
t Address to Output Delay | M2732 = OE = 


Ce fevemween Festal | 


RT RT TR | + Po pe 
ee a co 
te Adsress to Outputs ————SS~=“‘—dtCSC*dYSC*“‘“(;~SC*déC(nw | ESO 


CAPACITANCE [1] T, = 25°C, f= 1MHz A.C. TEST CONDITIONS 
[Symbol] Parameter | Typ. | Max | Unit] Conations 
CiNn1 Input Capacitance Input Rise and Fall Times: < 20ns 
Except OE/Vpp oF | Vin = Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 
a = 
Seen pF | Vin = Outputs 0.8V and 2V 


Output Load: 1 TTL gate and C._ = 100pF 


A.C. WAVEFORMS 
ADDRESSES 4 sn re b 
CE 
tce 
OE 
_ OE tor 
[2] [3] 


tacc _f 
[2] 


_— CC M111 / “— si 
NNANN (72, 


NOTES: 
1. THIS PARAMETER IS ONLY SAMPLED AND IS NOT 100% TESTED. 
2. OE MAY BE DELAYED UP TO tycc— toe AFTER THE FALLING EDGE OF CE WITHOUT IMPACT ON tacc. 
3. tore IS SPECIFIED FROM OE or CE, WHICHEVER OCCURS FIRST. 
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M2816 
16K (2K x 8) ELECTRICALLY ERASABLE PROM 


MILITARY 


= HMOS*-E FLOTOX Cell Design =# Conforms to JEDEC Byte-Wide Family 
Standard 
# Reliable Floating Gate Technology 


= Microprocessor Compatible 
= Very Fast Access Time Architecture 
— 300 ns Max. — M2816 


= Low Power Dissipation 
# Single Byte Erase/Write Capability —825 mW Max. Active Power 
—192 mW Max. Standby Power 
= 10 ms Byte Erase/Write Time 


# Erase/Write Specifications 
= Chip Erase Time of 10 ms Guaranteed —55°C- +125°C 


The Intel® M2816 is a 16,384 bit electrically eraseable programmable read-only memory (E7PROM).The M2816 
can be easily erased and reprogrammed on a byte basis. A chip erase function is also provided. The device 
operates from a 5-volt power supply in the read mode; writing and erasing are accomplished by providing a 
single 21-volt pulse. 


The M2816, with its very fast read access speed, is compatible with high performance microprocessors such 
as the 8086-2. Using the fast access speed allows zero wait operation in large system configurations. 


The electrical erase/write capability of the M2816 makes it ideal for a wide variety of applications requiring 
in-system, non-volatile erase and’ write. Never before has in-system alterability been possible with this 
combination of density, performance and flexibility. Any byte can be erased or written in 10 ms without 
affecting the data in any other byte. Alternatively, the entire memory can be erased in 10 ms allowing the total 
time to rewrite all 2K bytes to be cut by 50%. The M2816 provides a significant increase in flexibility allowing 
new applications (dynamic reconfiguration, continuous calibration) never before possible. 


The M2816 E*PROM possesses Intel's 2-line control architecture to eliminate bus contention in a system 
environment. A power down mode is also featured; in the standby mode power consumption is reduced by 
over 77% without increasing access time. The standby mode is achieved by applying a TTL-high signal to the 
CE input. 


Byte erase and write are controlled entirely by TTL signal levels, yet require no control signals beyond CE and 
OE. For byte write a selected chip (CE = TTL low) senses the 21V V,, pulse and automatically goes into write 
mode. Byte erase mode is identical to byte write except that data-in must be all logic ones (TTL-high). Never 
before has an in-system alteration of non-volatile information been implemented with such simple control. 


*“HMOS-E is a patented process of Intel Corporation. 


DATA INPUTS/OUTPUTS 
Vcc O—e 1,/O9-1,/0, As 
GND O—» 
Vpp O——> 


PIN NAMES 


Ao-Aio | ADDRESSES 


OUTPUT ENABLE 


CHIPENABLE | | 


AND E/W LOGIC 


¥ 
DECODER 


CHIP ENABLE 


ral 


INPUT/ 
OUTPUT 
BUFFERS 


| OE OUTPUT ENABLE 


Oo:07 DATA OUTPUTS 


© on ODM B wn = 
(2) 
m 


ow Ay = Ip/Oo Io-17 DATA INPUTS 
ADDRESS = 1/04 | 10 Vpp PROGRAM VOLTAGE 
INPUTS x 16,384-BIT ' 
DECODER B CELL MATRIX me " 
GND 12 
Figure 1. M2816 Functional Block Diagram Figure 2. Pin Diagrams 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ......... —10°C to +80°C 
Storage Temperature ........... —65°C to +125°C 
All Input or Output Voltages with 

Respect to Ground .............. +6V to —0.3V 


VppSupply Voltage with Respect 


to Ground During Program ....+22.5V to —0.3V 


*NOTICE: Stresses above those listed under ‘‘Absolute Maximum 
Ratings’’ may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these 
or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 


D.C. AND A.C. OPERATING CONDITIONS DURING READ AND WRITE 


Temperature Range 


D.C. CHARACTERISTICS 


Parameter 


D 
@ 
» 
2. 
Oo 
o 
@ 
=] 
i) 
= 
) 
S 


lu Input Leakage eakage Current _ 


—§5°C-+ 125°C 


Voc Power Supply! "0! 5V + 10% 


| sidLimits— 


ep 


lcce Vcc Current (Active) 


Vcc Current (Standby) 


Vpp Current (Read) 


= 
= 


Input Low Voltage 
Vin Input High Voltage 


i 
te) 
ae 


Vou Output High Voltage 
Vpp Read Voltage 


Write Operation 


Write/Erase Voltage 


For footnotes see page 12. 


| p Limits 


ee ee oe 


Vpp = 21, CE = VIH 


10-37 AFN-01803A 


M2816 ADVANCE INFORMATION 


A.C. CHARACTERISTICS 


Write Mode 


SO 
tes | SEwverseruptine | 50 | | | |) 
[tos | Oatatoversetuptime | 0 | || | 
ton | Owehowtime | 0 | | it me 
Se 
ee a a es 
Tos | Chip Clear Set-Up Time na fons | V=8V 

TTor | chp ceartiwtine |e) ms | 
a 
Tori! | veerauting | + Sid ms] 


Test Conditions 


Read Mode 


e | M2816 Limits | M2816 Limits Test 
arameter 
Sa Typ. (1 | Max. | Conditions 


| taco | Address to Output | Address to Output Delay pf | 300 | ns | CE=OE=Vi, 


Kae On Ee a 


ts _| Out oar ue Enable High to Output CE=Vj, 
Float 

Output Hold from Addresses, 

CE or OE Whichever Occurred 

First 


CAPACITANCE!"! 1, =25°c, f=1 MHz A.C. TEST CONDITIONS 


Symbol] Parameter | Typ.|Max. [Unit] Conatons 
Fen [input Capactace [+ | 6 | oF | veo 


For footnotes see page 12. 


Output Load: 1 TTL gate and C, =100 pF 
Input Pulse Levels: .8V to 2.2V 
Timing Measurement Reference Level: 
Input 1V and 2V 
Output .8V and 2V 
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WAVEFORMS! 
READ MODE 


ADDRESSES 


LID 
OUTPUT 


BYTE ERASE!®! og write 


ADDRESSES 


For footnotes see page 12. 
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CHIP ERASE!7! 


DEVICE OPERATION 


The M2816 has six modes of operation, listed in 
Table 1. All operational modes are designed to pro- 
vide maximum microprocessor compatibility and 
system consistency. The device pinout is a part of 
Intel's JEDEC approved byte wide Non-Volatile 
Memory family, allowing appropriate and cost- 
effective density and functionality upgrades. 


All control inputs are TTL compatible with the ex- 
ception of chip erase. The Vpp voltage must be 


pulsed to 21 volts during write and erase, and held to 
4 to 6 volts during the other two modes. 


Table 1. Mode Selection Vcc=+5V 


OE INPUTS/ 
cee oor 


READ va | +4 to +410 +6 | Dour 


DON’T 


ravre ease een [oe fe 


+9t _—- 
E/W INHIBIT ta paca HIGH Z 


For footnotes see page 12. 
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Read Mode 


Optimal system efficiency depends to a great extent 
on a tightly Soupled microprocessor/memory inter- 
face. The E7PROM device should respond rapidly 
with data to allow the highest possible CPU perfor- 
mance. The M2816 satisfies this high performance 
requirement because of access times typically less 
than 300 ns. Program execution directly out of elec- 
trically erasable memory has never before been 
possible; the M2816 opens this new, powerful appli- 
cations segment. 


The M2816 uses Intel’s proven 2-line control architec- 
ture for read operation. Figure 3 shows the timing 
disadvantages of a single-line control architecture. 
2-line control, shown in Figure 4, has been devel- 
oped by Intel to solve this bus contention and the as- 
sociated system reliability problems. Both CE and 
OE must be at logic low levels to obtain information 
from the device. Chip enable (CE) is the power con- 
trol pin and should be used for device selection. The 
output enable (OE) pin serves to gate internal data to 
the output pins. Assuming that the address inputs 
are stable, address access time (tacc) is equal to the 
delay from CE to output (tcge). Data is available at the 
outputs after a time delay of tog, assuming that CE 
has been low and addresses have been stable for at 
least tacc-tog. 


Figure 5 shows a typical system interconnection. 
Here the M2816 contains program information that 
the 8086 requires for system function. 
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——fACC 


ADDRESSES 


ADDRESS 2 


OUTPUTS 1 
DESELECTING 


OUTPUTS 1 VA NP, “Pp, 
DATA BUS ACTIVE | DK DATA 1 VALID |  < 


OUTPUTS 1 \/ \/ OUTPUTS 2\/ 
DATA BUS ACTIVE A DATA 1 VALID A active AA DATA 2 VALID 


BUS 
CONTENTION 


OUTPUT 
OVERLAP 


Figure 3.Single-Line Control and Bus Contention 


ADDRESSES ADDRESS 1 ADDRESS 2 


tDECODE 


DATA BUS 


NO OVERLAP 


Figure 4. Two-Line Control Architecture 
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DECODER 
(8205) 


8287 
BUFFER 


BUFFER 


ADVANCE INFORMATION 


Figure 5. iAPX 86/2816 Read Architecture 


Write Mode 


The M2816 is erased and reprogrammed electrically 
rather than optically, as opposed to EPROMs which 
require UV light. The device offers dramatic flexibil- 
ity because both byte (single location) and chip 
erase are possible. 


A close examination of the broad application spec- 
trum for the E* device reveals an inherent need for 
single location erase capability. Program store ap- 
plications can be classified in several ways. Figure 6 
lists various storage modes and the required erase 
function. In greater than 80% of all cases, a byte 
erase feature is necessary. See AP-106 for details. 


IDEAL 
APPLICATION TYPE ERASE MODE 


e Strict Program Store CHIP 


e Relocatable Program Structures BYTE 
e Program Store Extension BYTE 
e Program Execution Constants BYTE 
e Program Dependent Data Store BYTE 
e Data Store Applications BYTE 


Figure 6. Microprocessor Storage Types 
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To write a particular location, that byte must be 
erased prior to a data write. Erasing is accomplished 
by applying logic 1 (TTL-high) inputs to the data 
input pins, lowering CE, and applying a 21-volt pro- 
gramming signal to Vpp. The OE pin must be held at 
Viy during byte erase and write operations. The pro- 
gramming pulse width must be a minimum of 9 ms, 
and a maximum of 15. The rising edge of Vpp must 
conform to the RC time constant specified above. 
Once the location has been erased, the same opera- 
tion is repeated for a data write. The input pinsin this 
case reflect the byte that is to be stored. 


A characteristic of all E7PROMs is that the total 
number of erase/write cycles is not unlimited. The 
M2816 has been designed to meet applications 
requiring up to 1 x 104 erase/write cycles per byte. 
The erase/write cycling characteristic is completely 
byte independent. Adjacent bytes are not affected 
during erase/write cycling. 


Because the device is designed to be written in sys- 
tem, all data sheet specifications (including write 
and erase operations) hold over the full operating 
temperature range (—55—+ 125°C). 
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CONTROLLERS 


Controller | Description CRTLEN, OE, v» OE, GATLEN 


The Controller | interface provides the lowest cost, 
smallest P.C. board space implementation, though it 
is unable to offer the maximum CPU throughput 
capability since wait states are inserted into the 
memory cycle during the 10 ms write time. Figure 7 
shows the block diagram for this implementation. A 
timer device is provided to time 10 ms, which con- 
nects directly to the CPU READY line. When ac- 
tivated, the timer engages the Vpp switch, locks the 
CPU address, data, and control bus, and writes the 
M2816. After completion of the write cycle, the CPU 
is relinquished to do other tasks. Such a control appli- 
cation is appropriate when the processor can be 
dedicated to the write, such as in program store. 


Figure 7. Controller | 


Controller Il Description 

READ 
To provide a higher CPU throughput capability, the CRTLEN, OE, Ver OE, CRTLEN 
interface shown in Figure 8 was designed. In this 
case, all latching and timing signals are generated 
by discrete devices. The CPU simply sends a write 
operation to the interface as it would to a RAM de- 
vice. After the CPU has engaged the write sequence, 
it is free to perform other tasks not related to M2816 
control. At the completion of the write cycle, the 
interface interrupts the CPU which then vectors to ee 
an interrupt service routine. Controller Il offers real- 
time CPU performance with a high degree of hard- 
ware overhead. 


— Figure 8. Controller Il 
Controller lil Description 


The Controller Ill implementation was designed to 
provide the real-time processing capability of Con- 
troller Il, without the large hardware overhead. See READ 
Figure 9. In this design an Intel 8155 I/O port timer 
device is used to advantage. The ports provide the 
latching of data and address during the write cycle, 
while the timer performs accurate pulsing of the Vpp 
for the required duration. Much of the hardware has 
been reduced through the 8155. The interrupt 
structure of Controller Il is used as well. Read ac- 
cess is very fast despite a multiplexer and a buffer 
delay. 


OE, CTALEN 


Controller lV Description 


Data store applications were in mind for the Con- 
troller |V design shown in Figure 10. In this case, Figure 9. Controller Ill 
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The write pulse width, Twp, was designed to provide 
WRITE READ optimum reliability characteristics. 
<q > 


OE, Vor, CTRLEN 


DATA 


CONTROL 


Figure 10. Controller IV 


read access was not a concern, though write erase 
access and hardware overhead were exception- 
ally important.This controller takes the M2816 com- 
pletely off-line for both read and write operations. 
The write cycle is accomplished in the same way as 
in Controller Ill. Reading, however, is accomplished 
through several I/O operations. 


Figure 11. OE Chip Erase Control 


Chip Erase Mode 


Should one wish to erase the entire M2816 array at 
once, the device offers a chip erase function. When 
the chip erase function is performed all 2K bytes are 
returned to a logic 1 (FF) state. 


The M2816’s chip erase function is engaged when 2 BOD 
the output enable (OE) pin is raised above 9 volts. When 
OE is greater than 9 volts and CE and Vpp are in the 
normal write mode, the entire array is erased. This 
chip erase function takes approximately 10 ms. The Figure 12a. Operational Amplifier Vpp Switch 
data input pins must be held to a TTL high level Design 

during this time. Figure 11 is a recommended OE 
control switch. 


Vpp Pulse 


The shape of the Vpp pulse is important in ensuring 
long term reliability and operating characteristics. 
Vpp must rise to 21V through an RC waveform —— 
(exponential). The Tprc specification has been de- 
signed to accommodate changes of RC due to tem- 2N2222 
perature variations. 


0.005.F 


Figure 12a shows a recommended Vpp switch de- 
sign, useful where programming will occur over the 
specified temperature and operating voltage condi- 
tions. Figure 12b is asimpler implementation which 
is suitable for room temperature operation. Figure 12b. Darlington Implementation 


10-44 AFN-01893A 


M2816 ADVANCE INFORMATION 


Applications 
The M2816 E2PROM is a new and powerful addition 
to the non-volatile family. It offers a high degree of 


RAM-like flexibility while retaining the non-volatile 
characteristics of ROM. 


Because of these device parameters, the device is 
ideal for new and future designs as well as a re- 
placement for existing ROM devices. Some of these 
potential uses are listed below: 


1. Military replacements for core memory and 
fuse-link PROMs. 


2. Software alterable control stores (dynamic 
reconfiguration). 


3. Remote communications programming. 
4. PC and NC Industrial Applications. 


5. CRT terminal configuration and custom graphic 
and font sets. 
2816 


6. Calibration constants storage (continuous | ua nheTER antieies 
calibration). GENERATOR STORAGE 

7. Point of sale terminals. 

8. Remote alterable look-up tables. 

9. Printer and communications controllers. 


10. Remote data gathering. 


Because of these device attributes, applications 
never before possible can now be realized in high 
performance, consistent microprocessing systems. 


Figures 13, 14, 15, and 16 are block diagrams of 
some typical applications. These applications are 


explained as follows: Figure 15. CRT Terminal 


10-DIGIT UNIT PRODUCT 


OUTPUT: UNIVERSAL PRICE DESCRIPTION 
PRINTER, DISPLAY, ... oe (2 i f 


(5 bytes) 
~~ 


FIRMWARE 
PATCH 


CONTROL 


SERIAL 1/0 
COMMUNICATION 
INTERFACE 


TO INVENTORY 
RECORD 


2816 
PROGRAM STORE 


Figure 13. Dynamic Reconfiguration Figure 16. POS Terminal 
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DYNAMIC RECONFIGURATION DESCRIPTION 
The ability of a computer system to alter its operat- 
ing software while running is now possible with the 
M2816. The system can monitor external factors, as 
well as change loop constants, subroutines and 
other software features in real-time. Figure 13 illus- 
trates this optimal performance. In memory systems, 
the M2816 can be used to map around hard memory 
failures in real-time, allowing self-healing memory 
systems. Such a self-correcting mechanism extends 
the operating time and reduces service costs to the 
end user. 


CONTINUOUS SELF-CALIBRATION 

A high cost of machine service and downtime is due 
to instrument calibration and readjustments. Use of 
the M2816 and microprocessor based instruments to 
contain calibration constants allows features never 
before possible. See Figure 14. The instrument can 
now continuously calibrate itself, without expensive 
downtime in service interaction. The M2816 allows 
this flexibility and reduction of service costs. 


CRT TERMINAL 

Custom fonts, graphics characters, and individual 
configurations can all benefit from the features of 
the M2816. A CRT terminal, shown in Figure 15, can 
now be enhanced by using the E* asa replacement 
for jumpers and dip switches. It can also be used 
aS a programmable character generator, and in 
graphics configuration. 


POINT OF SALE TERMINAL 

Using the M2816 to contain non-volatile price and 
product descriptions, as shown in Figure 16, is an 
ideal application in point of sale terminals. With the 
ability of the M2816 to be altered in-system, comes 
the capability to remotely (over telephone lines) con- 
figure the look up table from a central data base 
computer. The non-volatility of the M2816 is used to 
advantage as the data store remains intact after 
power is removed from the system. 


Pin Compatibility 


The M2816 pinout has been designed for compati- 
bility with present and future memory products. The 
E°PROM is a member of Intel’s JEDEC standard 
Byte-Wide memory family which allows density up- 
grades, functional interchange, and extended prod- 
uct life. Figure 17 shows this JEDEC 28 pin site 
pinout approach. 
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Figure 17. JEDEC 28 Pin Site Byte-Wide 
Philosophy 


Available Literature 


To give the system designer an opportunity to more 
thoroughly understand the device attributes and 
uses, a library of E? information is available. The 
following list is a brief synopsis: 


AP 101—The 2816 Electrical Description 


AP 102—2816 Microprocessor Interface 
Considerations 


AP 104—Extending E? Endurance — Software 
Techniques 


AP 105—Microprocessor Interface—Competi- 
tive System Comparisons 


AP 106—2816 Byte Erase — Architecture 
Implications 


AP107—Hardware and Software Download 
Techniques with 2816 


E*Users Manual 
E* Applications Handbook 
E*Demo Unit Users Guide 


To obtain this literature contact your local Field 
Sales office. In addition, your Field Applications En- 
gineer can discuss with you the controller interfaces 
for different MPU system configurations. 
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Standby Mode 


The M2816 has a standby mode which reduces active 
power dissipation by 67% from 495 mW to 165 mW. 
The M2816 is placed in the standby mode by applying 
a TTL high signal to the CE input. When in the 
standby mode, the outputs are in a high impedance 
state, independent of the OE input. 


Output OR-TIEING 


Because M2816s are usually used in larger memory 
arrays, Intel has provided a 2-line control function 
that accommodates this use of multiple memory 
connections. The 2-line control function allows low 
power dissipation (by deselecting unused devices), 
and the removal of bus contention from the system 
environment. 


To most effectively use these two control lines, it is 
recommended that CE (pin 18) be decoded from 
addresses as the primary device selection function. 
OE (pin 20) should be made a common connection 
to all devices in system, and connected to the RD 
line from the system control bus. This assures that 
all deselected memory devices are in their low 


power standby mode and that the output pins are 
only active when data is desired from a particular 
memory device. 


NOTES 
1. This parameter is only sampled and not 100% tested. 


2. All times shown in parentheses are minimum times and are 
nsec unless otherwise specified. 


OE may be delayed up to 230 ns after falling edge of CE with- 
out impact on tacc for 2816-3. 


. tpg is specified from OE or CE whichever occurs first. 


3. 


. The rising edge of Vpp must follow an exponential waveform. 
That waveform’s time constant is specified as tprc. See In- 
tel’s AP-102 for details. 

. Prior to a data write, an erase operation must be performed. 
For erase, data in = Vjy. 

. In the chip erase mode Dyy = Vip. 

. TO allow immediate read verify capability, Vpp can be driven 
low in less than 50 ns. See AP-101 for more information. 

. Adherence to TWP specification is important to device 
reliability. 

. To prevent spurious device erasure or write, Vcc must be 
applied simultaneously or before 21 volt application of Vpp. 
Vpp cannot be driven to 21 volts without previously applying 


. The data in set up and hold times for chip erase are identical 
to those specified for byte erase. 
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intel 
M3636 
16K (2K x 8) BIPOLAR PROM 


@ —55°C to +125°C Operation @ Pin Compatible to 8K PROMs 
m Fast Access Time: 80ns Maximum gw Three-State Outputs 
i Low Power Dissipation: 0.05mW/Bit @ Hermetic 24-Pin DIP 
Typically & Polycrystalline Silicon Fuses for 
@ Three Chip Select Inputs for Easy Higher Fuse Reliability/Higher 
Memory Expansion Programmability 


The Intel® M3636 is a fully decoded 16,384 bit PROM organized as 2048 words by 8 bits. The worst case access time of 
80 ns is specified over the — 55°C to + 125°C temperature range and 5% Vcc power supply tolerances. There are three 
chip selects provided to facilitate expansion into larger PROM arrays. The PROMs use the Schottky clamped TTL tech- 
nology with polycrystalline silicon fuses. All outputs are initially high and logic low levels can be electrically pro- 
grammed in selected bit locations. 


Prior to the 16,384 bit M3636, the highest density bipolar PROM available was 8196 bits. The high density of the M3636 
now easily doubles the capacity without an increase in area on existing designs currently using 1024 by 8-bit PROMs. 
There is also little, if any, penalty in power since the power/bit is approximately one-half that of 8K PROMs. The M3636 
is packaged in a hermetic 24-pin dual in-line package. 


PIN CONFIGURATION BLOCK DIAGRAM LOGIC SYMBOL 


DATAOUT1 DATA OUT 8 


1 
2 
3 
4 
5 
6 
7 
8 
i, 


PIN NAMES 


ADDRESS INPUTS 


C351, CS2, CS3 CHIP SELECT INPUTS!!! 


[1] To select the PROM CS, = V,, 
and CS2 = CS3 = Vin 
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M3636 


PROGRAMMING 


The programming specifications are described in the PROM/ROM Programming section of the Data Catalog. 


Absolute Maximum Ratings* 
Temperature Under Bias 


Storage Temperature ............ —65°Cto +160°C 
Output or Supply Voltages.......... —0.5V to 7 Volts 
All Input Voltages .................5. — 1.5V to 5.5V 
Output Currents ......... 00. eee 100mA 


D.C. CHARACTERISTICS 


“COMMENT: Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. This is a stress 
rating only and functional’operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


All Limits Apply for Veg = +5.0V+ 5%, Ta = — 55°C to 125°C unless otherwise specified 


Symbol 


Min. 
lea Address Input Load Current Le! 
IRs Chip Select Input Leakage — 

Current 
llo| Output Leakage for High a 
Impedance State 
Voitage 
Vit Input “Low” Voltage 
Vin Input “High” Voltage 
Notes: 


1. Typical values are for Ta = 25°C and nominal supply voltages. 
2. Unmeasured outputs are open during this test. 
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Limits 


Test Conditions 
Voc = 5.25V, Va = 0.45V 
Voc = 5.25V, Vs = 0.45V 
Voc = 5.25V, Va = 5.25V 
Voc = 5.25V, Vs = 5.25V 


Vo = 5.25V or 0.45V, 
Voc = 5.25V, CS; =2.4V 


Vo = 0V 
Voc = 4.75V, In = —10 MA 
Voc = 4.75, Is =-10mA 


lon = — 2.4 MA, Voc = 4.75V 
Voc = 4.75V, lop = 10 mA 
Voc = 5.25V 

Voc = 5.0V + 5%, Ta = 25°C 
Voc = 5.0V + 5%, Ta= 25°C 


M3636 


A.C. CHARACTERISTICS v,o= +5V+10%, Ty = —55°C to. 125°C 


PARAMETER MAX. LIMITS UNIT 


SYMBOL CONDITIONS 


CS; =Vit 
and CS> = CS3 = Vin 
to select the PROM. 


Output Disable Time 


CAPACITANCE "' T, = 25°C, f= 1 MHz 


TYP. LIMITS 
SYMBOL PARAMETER UNIT ‘TEST CONDITIONS 
Tv. 
Cina Address Input Capacitance ) 4 fo | oF Vec = 5V Vin = 2.5V 


Cins Chip-Select Input Capacitance Vec = 5V Vin = 2.5V 


Court Output Capacitance Vec = 5V Vout = 2.5V 


NOTE 1: This parameter is only periodically sampled and is not 100% tested. 


SWITCHING CHARACTERISTICS 


Conditions of Test: 10 mA TEST LOAD Vec 
Input pulse amplitudes 2.5V 
Input pulse rise and fall times of 4702 


5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 


30pF 1K 2 
Output loading is 10 mA and 30 pF 
Frequency of test — 2.5 MHz = 
WAVEFORMS 
ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 


ADDRESS 
INPUT 


OUTPUT OUTPUT 


OUTPUT 
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inte 
M8048/M8748/M8035L 
SINGLE COMPONENT 8-BIT MICROCOMPUTER 
MILITARY 


m 8048 Mask Programmable ROM 
m= 8748 User Programmabie/Erasable EPROM 
= 8035L Requires External ROM or EPROM 


m -55°C to + 125°C 6 MHz Operation = Over 90 Instructions: 70% Single Byte 
(M8048/M8035L) =# 1Kx8ROM/EPROM 
m -55°C to +125°C 3.6 MHz Operation 64 x8 RAM 
(M8748) a 27 I/O Lines 
a 8-Bit CPU, ROM, RAM, I/O in Single = Interval Timer/Event Counter 
che Easily Expandable M di/O 
g Interchangeable ROM and EPROM 2 ee ead ~ a 
Versions = Compatible with 8080/8085 Series 
m= Single 5V Supply Peripherals 
m 2.5 usec and 5.0 usec Cycle Versions = Single Level Interrupt 
All Instructions 1 or 2 Cycles. = Screened to MIL-STD-883B 


The Intel M8048/M8748/M8035L are totally self-sufficient 8-bit parallel computers fabricated on single silicon chips 
using Intel’s N-Channel silicon gate MOS process. 


The M8048 contains an 8-bit CPU, a 1K x 8 program memory, a64 x 8 RAM data memory, 27 I/O lines, and an 8-bit 
timer/counter in addition to on-board oscillator and clock circuits. For systems that require extra capability, the 
M8048 can be expanded using standard memories and MCS-80®/MCS-85® peripherals. The M8035L is the 
equivalent of an M8048 without program memory, and has the RAM power down mode of the M8048. To reduce 
development problems to a minimum and provide maximum flexibility, three interchangeable pin-compatible* 
versions of this single component micro-computer exist: the M8748 with user-programmable and erasable EPROM 
program memory for prototype and preproduction systems, the M8048 with factory-programmed mask ROM 
program memory for low cost, high volume production, and the M8035L without program memory for use with 
external program memories. 


This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The M8048 has ex- 
tensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory 
results from an instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in length. 
"VoD is used to program the M8748 and used for low power standby on the M8048/8035L. 


1024 WORDS 
PROGRAM 
MEMORY 


64 WORDS 
DATA 
MEMORY 


RESET —e 


SINGLE 
STEP READ 


EXTERNAL 
ae 
MEM 


va 


INTERRUPT —o 


WRITE 


PROGRAM 
STORE 
ENABLE 


ADDRESS 
LATCH 
ENABLE 


8 BIT 
TIMER . 27 
EVENT COUNTER (0 LINES 
STROBE 


Figure 1. Block Diagram Figure 2. Logic Symbol Figure 3. Pin 
Configuration 
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CRYSTAL OSCILLATOR MODE 


C1 = SpF + YepF + STRAY < 5pF 
C2 = CRYSTAL + STRAY < 8pF 
C3 = 20pF + 1pF + STRAY < 5pF 


CRYSTAL SERIES RESISTANCE SHOULD BE LESS THAN 75°) AT 6MHz; LESS 
THAN 1802 AT 3.6MHz. 


M8048/M8748/M8035L 


LC OSCILLATOR MODE 


= cL 
20 pF 


45H 
120 UH 20 pF 


NOMINAL f $i 
5.2 MHz 2aytC 
3.2 MHz 


Cc 


1_ C+3Cpp 
- 2 


Cpp =5- 10 pF PIN-TO-PIN 
CAPACITANCE 


EACH C SHOULD BE APPROXIMATELY 20 pF. INCLUDING STRAY CAPACITANCE. 


DRIVING FROM EXTERNAL SOURCE 


FOR XTAL 1 AND XTAL 2 DEFINE “HIGH” AS VOLTAGES ABOVE 1.6V AND “LOW” 
AS VOLTAGES BELOW 1.6V. THE DUTY CYCLE REQUIREMENTS FOR EXTERNALLY 
DRIVING XTAL 1 AND XTAL 2 USING THE CIRCUIT SHOWN ABOVE ARE AS 
FOLLOWS: 

FOR THE 8048, XTAL 1 MUST BE HIGH 35-65% OF THE PERIOD AND XTAL 2 MUST 


BE HIGH 35-65% OF THE PERIOD. 

FOR THE 8748, XTAL MUST BE HIGH 45-50% OF THE PERIOD AND XTAL 2 MUST 
BE HIGH 50-55% OF THE PERIOD. 

RISE AND FALL TIMES MUST NOT EXCEED 20 ns. 


Figure 4 


PROGRAMMING, VERIFYING, AND 
ERASING THE 8748 EPROM 


Programming Verification 


In brief, the programming process consists of: activat- 
ing the program mode, applying an address, latching 
the address, applying data, and applying a program- 
ming pulse. Each word is programmed completely be- 
fore moving on to the next and is followed by a verifica- 
tion step. The following is a list of the pins used for 
programming and a description of their functions: 


Clock Input (1 to 6MHz) 
Initialization and Address Latching 
Selection of Program or Verify Mode 
Activation of Program/Verify Modes 


Address and Data Input 
Data Output During Verify 


Address Input 


Programming Power Supply 


Program Pulse Input 


WARNING: 


An attempt to program a missocketed 8748 will result in severe 
damage to the part. An indication of a properly socketed part is the 
appearance of the ALE clock output. The lack of this clock may be 
used to disable the programmer. 


The Program/Verify sequence is: 


1. Vo5 = Sv, Clock applied or internal oscillator oper- 
ating, RESET = Ov, TEST 0 = 5v, EA = 5v, BUS and 
PROG floating. 


2. Insert 8748 in programming socket 

3. TESTO = Ov (select program mode) 
4. EA = 23v (activate program mode) 

5. Address applied to BUS and P20-1 
6 
7 
8 


. RESET = 5v (latch address) 
. Data applied to BUS 
. Vop = 25v (programming power) 
9. PROG = Ov followed by one 50ms pulse to 23v 
. Vop = SV 
. TEST 0 = 5v (verify mode) 
. Read and verify data on BUS 
. TESTO =O0v 
_ RESET = Ov and repeat from step 5 


. Programmer should be at condition of step 1 when 
8748 is removed from socket. 
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| e M8048/M8748/M8035L 


A.C. TIMING SPECIFICATION FOR PROGRAMMING 1, = 25°C + 5°C, Voc = 5V + 5%, Vop = 25V + 1V 


Symbol | Parameter 

| tw | AddressSetupTimetoRESET? | toy 
Tie | Adress Hoi Tine Afr RESET] [ty 
[iw | Daten Setup Time toPROGT 

| toy | RESET Hold Time to Verify toy 
Atoy 
r 
en 


Test 0 Hold Time After Program Mode 
Test 0 to Data Out Delay es ae 


tw | FESET Pulse wiatiotatchaacress | @m | | «4 
Tie [PU Operation GycieTme [80 |__| ws |] 
[tee | RESET ScupTimeseoetat «| a | | +. Ss 


Note: If Test 0 is high tpg can be triggered by RESET f¢. 


taw 
twa 
tow 
two 
tpy 

Pw 


D.C. SPECIFICATION FOR PROGRAMMING 7, = 25°C + 5°C, Voc = 5V + 5%, Vop = 25V + 1V 


| Symbol | Parameter =| Min._| Max. | Unit | Test Conditions 
PROGProgramVottageHightevel | _ais | 26 [| Vv | _ 
PROG Voltage Low Leve a 
EA Program or Verify Voltage High Level | 215 | 245 [| ve | 8748 

PROGHigh VotageSupplyCurent | st t60—«| sma Sd 


<= 


<|< 


< 


< 


< 


<= 
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eC M8048/M8748/M8035L 


WAVEFORMS 


COMBINATION PROGRAM/VERIFY MODE (EPROM’S ONLY) 


PROGRAM cee PROGRAM —————_- 


taw twa too—>| 
ADDRESS DATA TO BE DATA NEXT ADDR 
ane (0-7) VALID PROGRAMMED VALID —_—— VALID or VALID 
NEXT 


PROG 


+0 


VERIFY MODE (ROM/EPROM) 


DB)-DB, a ADDRESS DATA OUT _ NEXT NEXT DATA bs eas ip aes nce 
(0-7) VALID VALID ADDRESS OUT VALID 


P29-P 1 ADDRESS (8-9) VALID NEXT ADDRESS VALID 


NOTES: 
1. PROG MUST FLOAT IF EA IS LOW (i.e., #23V), OR IF TO = 5V FOR THE 8748. FOR THE 


8048 PROG MUST ALWAYS FLOAT. 
2. X1 AND X2 DRIVEN BY 3 MHz CLOCK WILL GIVE 5usec tcy. THIS IS ACCEPTABLE FOR ALL PARTS. 


The 8748 EPROM can be programmed by either of two Intel 
products: 


1. PROMPT-48 Microcomputer Design Aid, or 


2. Universal PROM Programmer (UPP Series) peripheral of the 
Intellec® Development System with a UPP-848 Personality Card. 
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M8048/M8748/M8035L 


[enone [oe ore 


Accumulator 


Input/Output 


Registers 


ADD A, R 
ADD A, @R 
ADD A. #data 
ADDC A, R 
ADDC A, @R 
ADDC A. #data 
ANL A, R 
ANL A, @R 
ANL A. #data 
ORLA, R 
ORL A, @R 
ORL A. #data 
XRLA, R 
XRL A, @R 
XRL A. #data 
INCA 
DECA 
CLRA 
CPLA 

DAA 

SWAP A 
RLA 

RLC A 

RRA 

RRCA 


IN A, P 

OUTL P,A 

ANL P. #data 
ORL P. #data 
INS A, BUS 
OUTL BUS, A 
ANL BUS. #data 
ORL BUS. #data 
MOVD A, P 
MOVD P, A 
ANLD P,A 
ORLD P, A 


JMP addr 
JMPP @A 
DJNZ R, addr 
JC addr 
JNC addr 
JZ addr 
JNZ addr 
JTO addr 
JNTO addr 
JT1 addr 
JNT1 addr 
JFO addr 
JF1 addr 
JTF addr 
JNI addr 
JBb addr 


Add register to A 

Add data memory to A 
Add immediate to A 

Add register with carry 
Add data memory with carry 
Add immediate with carry 
And register to A 

And data memory to A 
And immediate to A 

Or register to A 

Or data memory to A 

Or immediate to A 
Exciusive or register to A 


Exclusive or data memory to A 


Exclusive or immediate to A 
Increment A 

Decrement A 

Clear A 

Complement A 

Decimal adjust A 

Swap nibbles of A 

Rotate A left 

Rotate A left through carry 
Rotate A right 

Rotate A right through carry 


Input port to A 

Output A to port 

And immediate to port 
Or immediate to port 
Input BUS to A 

Output A to BUS 

And immediate to BUS 
Or immediate to BUS 
Input expander port to A 
Output A to expander port 
And A to expander port 
Or A to expander port 


Increment register 
Increment data memory 
Decrement register 


Jump unconditional 
Jump indirect 
Decrement register and skip 
Jump on carry = 1 

Jump on carry = 0 

Jump on A zero 

Jump on A not zero 
Jump on T0 = 1 

Jump on TO 

Jump on T1 

Jump on T1 

Jump on FO 

Jump on F1 = 

Jump on timer flag 

Jump on iNT =0 

Jump on accumulator bit 


a a ee 2 oe > a 2 ©. aa 7 ee OO i Oi i a ei a a. ao 


MONON NNONNNONNN NNN NY — LY 


Or ee ee or ee ee  . a 2 > a 2 > a a 7 


MONON NN NN NM NN NM NY 


MONON NONANODNNNN NNN NY NY DN LY 
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Subroutine 


Data Moves 


Timer/Counter 


Table 1. instruction Set Summary 


a poe 


CALL addr 
RET 
RETR 


MOV A, R 
MOV A, @R 
MOV A, #data 
MOV R,A 
MOV @R,A 
MOV R, #data 
MOV @R, #data 
MOV A, PSW 
MOV PSW, A 
XCH A, R 
XCHA, @R 
XCHD A, @R 
MOVX A, @R 
MOVX @R, A 
MOVP A, @A 
MOVP3 A, @A 


MOV A, T 
MOV T,A 
STRT T 
STRT CNT 
STOP TCNT 
EN TCNTI 
DIS TCNTI 


EN | 

DIS | 

SEL RBO 
SEL RB1 
SEL MBO 
SEL MB1 
ENTO CLK 


Jump to subroutine 
Return 
Return and restore status 


Clear carry 
Complement carry 
Clear flag 0 
Complement flag 0 
Clear flag 1 
Complement flag 1 


Move register to A 

Move data memory to a 
Move immediate to A 

Move A to register 

Move A to data memory 
Move immediate to register 


Move immediate to data memory 


Move PSW to A 
Move A to PSW 
Exchange A and register 


Exchange A and data memory 
Exchange nibble of A and register 
Move external data memory to A 
Move A to external data memory 


Move to A from current page 
Move to A from page 3 


Read timer/counter 
Load timer/counter 
Start timer 

Start counter 

Stop timer/counter 


Enable timer/counter interrupt 
Disable timer/counter interrupt 


Enable external interrupt 
Disable external interrupt 
Select register bank 0 
Select register bank 1 
Select memory bank 0 
Select memory bank 1 
Enable clock output on TO 


Mnemonics copyright Intel Corporation 1978 


: 
1 
2 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 


MO MO MH NHMYO —|]— | | | | MH NY | | DY —s — 


| nor | Nocperation == ft | | 
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P10-P17 
Port 1 


P20-P27 
Port 2 


M8048/M8748/M8035L 


Table 2. Pin Description 


Circuit GND potential 


Programming power supply; +25V 
during program, +5V during oper- 
ation for both ROM and PROM. Low 
power standby pin in 8048 and 
8035L. 


Main power supply; +5V during oper- 
ation and programming. 


Program pulse (+23V) input pin 
during 8748 programming. 


Output strobe for 8243 |/O expander. 
8-bit quasi-bidirectional port. 


8-bit quasi-bidirectional port. 

P20-P23 contain the four high order 
program counter bits during an exter- 
nal program memory fetch and serve 
as a 4-bit |/O expander bus for 8243. 


True bidirectional port which can be 
written or read synchronously using 
the RD, WR strobes. The port can 
also be statically latched. 


Contains the 8 low order program 
counter bits during an external pro- 
gram memory fetch, and receives 
the addressed instruction under the 
control of PSEN. Also contains the 
address and data during an external 
RAM data store instruction, under 
control of ALE, RD, and WR. 


Input pin testable using the condi- 
tional transfer instructions JTO and 
JNTO. TO can be designated as a 
clock output using ENTO CLK instruc- 
tion. TO is also used during program- 
ming. 


Input pin testable using the JT1, and 
JNT1 instructions. Can be designated 
the timer/counter input using the 
STRT CNT instruction. 
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Interrupt input. Initiates an interrupt 
if interrupt is enabled. Interrupt is dis- 
abled after a reset. Also testable with 
conditional jump instruction. (Active 
low) 


Output strobe activated during a BUS 
read. Can be used to enable data 
onto the bus from an external device. 


Used as a read strobe to external 
data memory. (Active low) 


Input which is used to initialize the 
processor. Also used during PROM 
programming verification, and power 
down. (Active low) (Non TIL V,,) 


Output strobe during a bus write. 
(Active low) 


Used as write strobe to external data 
memory. 


| Address latch enable. This signal 


occurs once during each cycle and 
is useful as a clock output. 


The negative edge of ALE strobes 
address into external data and pro- 
gram memory. 


Program store enable. This output 
occurs only during a fetch to external 
program memory. (Active low) 


Single step input can be used in junc- 
tion with ALE to “single step” the 
processor through each instruction. 
(Active low) 


External access input which forces 
all program memory fetches to refer- 
ence external memory. Useful for 
emulation and debug, and essential 
for testing and program verification. 
(Active high) 


One side of crystal input for internal 
oscillator. Also input for external 
source. (Non TTL V,,,) 


Other side of crystal input. 
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| Cc M8048/M8748/M8035L 


A.C. CHARACTERISTICS (PORT 2 TIMING) T, = 55°C to 125°C, Veg = +5V + 10%, Veg = OV 


[ Symbot_ | ——Parameter Test Conditions 
Port Control Setup Before Falling 
Edge of PROG 


| Min. | Max. | Unit 
pw | fw 
Se 
Edge of PROG 65 ns 
[te | PrOGtoTimePeinpuwstsevers | | 60 | vs 
[| mowDaatoatime [Ores 
ee 
a ee 
a es 
ee 
ee 


Output Data Setup Time 
Output Data Hold Time 


PROG Pulse Width 


Port 2 |/O Data Setup 


PORT 2 TIMING 


EXPANDER ter hie 
PORT 


over =X ck = rontzng para )X — rorrcontrot =) = ourrutoata 
4 


EXPANDER 
PORT 


PORT CONTROL xX XX stl , 


+-— cp 


4 PORT 29.3 DATA 
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e M8048/M8748/M8035L 


WAVEFORMS 


Instruction Fetch From External Program Memory Read From External Data Memory 


i ‘cy 
tw — 
| SS ! 


2 eee ee 


‘arc -— toc | tca -- [*— ‘ee a 


taro —> I —| ‘or 


FLOATING 


—+| tor — 


| | 
FLOATING } FLOATING f 3 FLOATING FLOATING a Se SS. FLOATING 


Log need 


\ 
ADDRESS +— ‘ao | INSTRUCTION a _ me 


Write to External Data Memory input and Output Waveforms for A.C. Tests 


Jo UWL 


i tec + tca = 


tow i bok > TEST POINTS a 
| 0.8 


a tay —_ 


Parameter M8035L 


ALE Pulse Width 
Address Setup to ALE 


= | Min. | Max. 
p20 | | 
Address Hold from ALE | go | | 
[Control Pulse Wiath (SEN, FO, WA)| «00 | 
|DataSetupbeforeWR | 420 | 
soa a A. »» | 
(aaa Hil Mi Meal Mn 
Cees Ce Ee 
to | | 400 
tow | 230 | 
boo | | 600 
ie 
| 


2.0 


Conditions 
(Note 1) 


C, = 20pF 


(3.6 MHz 
STAL 8748) 


[constr 


Note 1: Control outputs: C, = 80pF_ tcy = 2.5 us for 8048/8035L 
BUS Outputs:  C, = 150pF 4.17 ps for 8748 


oD) po Ce) 
(2) O};O 
” YAInITON ” 


2 


ae 
| 60 
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| e M8048/M8748/M8035L 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias 


*NOTICE: Stresses above those listed under ‘Absolute Maximum 
Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or 


igs eee —55°C to + 125°C any other conditions above those indicated in the operational sec- 
S04B/B80S5L .... ww cee eee eee eee —55°C to + 125°C tions of this specification is not implied. 

Storage Temperature ................... —65°C to +125°C 

Voltage On Any Pin With Respect 
RO TANI a gv keine caw tsniwsensvaanieonares —0.5to +7V 

Power DISSIDALION 60.60. c ccc cew ews se ew ownnaen 1.5 Watt 


D.C. CHARACTERISTICS 1, = —55°C to 125°C, V., = Voy = +5V + 10%, Veg = OV 


Vin Input Low Voltage 
(All Except RESET, X1, X2) 


Vay Input Low Voltage 
(RESET, X1, X2) 


Input High Voltage (RESET,X1,x2) | 38 | | 


Vot Output Low Voltage 
(BUS, RD, WR, PSEN, ALE) 


Output Low Voltage 
(All Other Outputs) | 


Output High Voltage (BUS) 


2.4 
2.4 


Output High Voltage 2.4 
(All Other Outputs) 


he Input Leakage Current (T 


Input Leakage Current —__ 
(P10-P17, P20-P27, EA, SS 


Output Leakage Current (BUS, TO 


(High Impedance State 


Vpp Supply Current 
Total Supply Current 


Lav Output High Voltage 
(RD, WR, PSEN, ALE) 

Voue 

Ii 

lis 


BU 


-wW mA 

= 

r-] TYPICAL 
-10 mA 


ov 2v av 


VOH 


1, INT) 
) 
, TO) 


TYPICAL 


ov 2V 4v 


VOH 
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intel M8080A 
8-BIT N-CHANNEL MICROPROCESSOR 


The M8080A is functionally compatible with the Intel® 8080. 


@ Military Temperature Range: @ 16-Bit Stack Pointer and Stack 

—55°C to +125°C Manipulation Instructions for Rapid 
= + 10% Power Supply Tolerance Switching of the Program Environment 
@ 2 us Instruction Cycle = Decimal, Binary, and Double Precision 
= Powerful Problem-Solving Instruction Arithmetic 

Set = Ability to Provide Priority Vectored 
= 6 General-Purpose Registers and an Interrupts 

Accumulator 


= 16-Bit Program Counter for Directly = 512 Directly Addressed I/O Ports 


Addressing Up to 64K Bytes of Memory 


The Intel® M8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip using 
Intel’s n-channel silicon gate MOS process—a high performance solution to control and processing applications. 
The M8080A contains 6 8-bit general-purpose working registers and an accumulator. The 6 general-purpose registers may 
be addressed individually or in pairs providing single and double precision operators. Arithmetic and logical instructions 
set or reset 4 testable flags. A fifth flag provides decimal arithmetic operation. 

The M8080A features an external stack. Any portion of memory may be used as a last in/first out stack to store/retrieve the 
contents of the accumulator, flags, program counter and all 6 general-purpose registers. The 16-bit stack pointer controls 
addressing of this external stack. This stack enables the M8080A to handle multiple-level priority interrupts by rapidly 
storing and restoring processor status. It also provides almost unlimited subroutine nesting. 


This microprocessor simplifies systems design. Separate 16-line address and 8-line bidirectional data busses facilitate 
interface to memory and I/O. Signals to control the interface to memory and I/O are provided directly by the M8080A. 
Ultimate control of the address and data busses resides with the hold signal, which can suspend processor operation and 
force the address and data busses into a high impedance state. This permits OR-typing these busses with other controlling 
devices for (DMA) direct memory access or multiprocessor operation. 


D,-Dy 
BI- DIRECTIONAL 
DATA BUS 


DATA BUS 
BUFFER/LATCH a 


INSTRUCTION 7 


REGISTER (8) 


| 


INSTRUCTION 
DECODER 


(8 BIT) 
INTERNAL DATA BUS 


| MULTIPLEXER 
Ww (8) z (8) 
TEMP REG. TEMP REG. 
B (8) Cc (8) 
REG. REG. 


(8 BIT) 
INTERNAL DATA BUS 


ACCUMULATOR 
(8) 
ACCUMULATOR 
LATCH (8) 


REGISTER 
ARRAY 


AND 
MACHINE 


REGISTER SELECT 


CYCLE 
ENCODING 


INCREMENTER/DECREMENTER 
ADDRESS LATCH (16) 


TIMING 
N 


AND 
CONTROL 


(16) 
ADDRESS BUFFER 


DATA BUS INTERRUPT HOLD WAIT 
WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS 


—- -5V 


POWER | —— > +12V 
SUPPLIES | ——e +5y 


—+. GND 


WR DBIN- INTE INT HOLD HOLD WAIT 
ACK 


SYNC 61 02 RESET 
READY 


Ais % 
ADDRESS BUS 
Figure 1. Block Diagram 
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ABSOLUTE MAXIMUM RATINGS* “NOTICE: Stresses above those listed under “Absolute 


Maximum Ratings” may cause permanent damage to the 


‘ ° te} 
Temperature Under Bias ............. “55 ¢ to+125C device. This is a stress rating only and functional opera- 
Storage Temperature ............... “65 C to +150 C tion of the device at these or any other conditions above 
All Input or Output Voltages those indicated in the operational sections of this specifi- 
With Respect to Vgg ...-..-------- -0.3V to+20V_ gation is not implied. Exposure to absolute maximum 
Vcc, Vpp and Vgg With Respect to Veg -0.3V to+20V rating conditions for extended periods may affect device 
Power DissiOatiOn .<ciacataneusspiwracuwe aun 1.7W _ reliability. 


D.C. CHARACTERISTICS (Ta = —55°C to +125°C, Vpp = +12V +10%, 
Voc = +5V +10%, Vag = —5V +10%, Vsg = OV; unless otherwise noted) 


Ht, at PR 
[Vice | Goce input Low Vorage | Vest] Masr08| V 
Clock Input High Voltage 5 | | Voott| Vv | 

As Input Low Voltage os 
ie heaters —— te 
[Vow | Output High Voruge | | | 
too avs | Ave-Power Supply Curent Woo! | | ‘60 | @ | mA 
cc iavi | Avg Power Supply Curent(Voo) |_| 60 | 100 | mA_ 
esiavi | Ava Power Suply Curent (Vag) | | 01 | 1 | ma 
Tn | outtake || Oo 
a ee 


Data Bus Leakage in Input Mode -100 
Address and Data Bus Leakage 
During HOLD 


CAPACITANCE (Ta = 25°C, Vcc = Vpp = Vss = OV, Vag = —5V) 


[mt [Pune [tm [wn | unt [ Tow Condon” 
Fe | Gok caacines [17 | 26 [ot [t-te 
ren [ pt Capctance | 6 | 10 | pt | Unrmored Ps 
Cout Output Capacitance | 10 | 20 | pf | Returned to Vss 


lon = 150uA. 


! lo. = 1.9mA on all outputs, 


Operation 
Tcy = .48 usec 


Vss S Vin S Vec 


Vss < Vetock S Vpop 
Vss SVin SVs + 0.8V 
Vsgs +0.8V <Viny SVec 


VADDR/DATA = Vcc 
VADDR/DATA = Vss t+ 0.45V 
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A.C. CHARACTERISTICS (Ta = —55°C to +125°C, Vpp = +12V +10%, 


tcey!3] 


t,, te Clock Rise and Fall Time | 0 | 50 | 
_ 


7 


i 
= 
rts 


Vcc = +5V +10%, Veg = —5V +10%, Vss = OV; unless otherwise noted) 


Parameter 


Clock Period 0.48 sec 


Symbol 


tocl@1_| Signal Output Delay From oy, ord (evNC.WRWANTALOA) | | 140 [nsec | | _ 
me 


3 
n 
oO 
fo) 


tye [2] INTE Output Delay From $2 C, = 50pf 
[RENO iia 

Tins [HOLD Setup Tinetode || 

[om [Hot Tine From daineaow.wr-nowo || 

uel) [WDA wren SS*w Cw | 

aet@l | WR to Flot Deay ——SSS~=~S~S~SsTs | 


NOTES: 


NO — 


~ 


. The RESET signal must be active for a minimum of 3 clock cycles. A.C. TESTING LOAD CIRCUIT 


. When DBIN is high and Viyy > Vip an internal active pull up will 
be switched onto the Data Bus. 
Al supply / AT, = -0.45%/°C. 


DEVICE 
UNDER 

TEST 
C, = 100 pF 


T 


C, INCLUDES JIG CAPACITANCE 


C, = 100 pF 
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WAVEFORMS 


4 


2 


Ays-Ao 


SYNC 


DBIN 


READY 


WAIT 


HOLD 


INT 


INTE 


NOTE: 
Timing measurements are made at the following reference voltages: CLOCK “1” = 7.0V, “0” = 1.0V; INPUTS 
“4” = 3.0V, 0” = 0.8V; OUTPUTS ‘1” = 2.0V, “0” = 0.8V. 


+ -tcy —e| —|to1 = 


\ 
| 


| 


— >| tos1 |<— | | 
I< toso—>| | | | 


THIS TIMING DIAGRAM SHOWS TIMING RELATIONSHIPS ONLY; IT DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE. 
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WAVEFORMS (Continued) NOTES: 


1. Data input should be enabled with DBIN status. No bus con- 
flict can then occur and data hold time is assured. tp} = 50 ns 
or tpg, whichever is less. 


2. toy = tp3 + trea + tga + tego + to2 + tre1 2 480ns. 


TYPICAL A OUTPUT DELAY VS. 4 CAPACITANCE 
+20 


+10 


4 OUTPUT DELAY (ns) 
° 


-100 -50 0 +50  ~—«-+100 


. CAPACITANCE (pf) 


(CactuaL ~ Cspec) 


3. The following are relevant when interfacing the M8080A to 

devices having Vij = 3.3V: 

a) Maximum output rise time from .8V to 3.3V = 100ns @ C,_ 
= SPEC. 

b) Output delay when measured to 3.0V = SPEC +60ns @ C,_ 
= SPEC. , 

c) If C_ = SPEC, add .6ns/pF if C_ > Cgpec, subtract .3ns/pF 
(from modified delay) if CL < Cgpgc. 


4. taw = 2tcy — tpo3 - tro2 — 140nsec. 
5. tow = tcy — tp3 - tre2 —170nsec. 


6. If not HLDA, twp = twa = tpg + trg2 + 10ns. If HLDA, twp = 
twa = twe- 
7. tHe = tog + trg2 — 50ns. 


8. twr = tp3 + tro2 — 10ns. 


9. Data in must be stable for this period during DBIN- T3. Both 
tps1 and tpgo must be satisfied. 


10. Ready signal must be stable for this period during To or Tw. 
(Must be externally synchronized.) 


11. Hold signal must be stable for this period during To or Tw 
when entering hold mode, and during T3, T4, Ts and Tw 
when in hold mode. (External synchronization is not 
required.) 


12. Interrupt signal must be stable during this period of the last 
clock cycle of any instruction in order to be recogized on the 
following instruction. (External synchronization is not 
required.) 


SUPPLY CURRENT 


+50 


AMBIENT TEMPERATURE (°C) 


Typical Supply Current versus 
Temperature, Normalized Data Bus Characteristics During DBIN 


10-64 AFN-00767B 


intel 


M8080A 


INSTRUCTION SET 


The accumulator group instructions include arithmetic and 
logical operators with direct, indirect, and immediate ad- 
dressing modes. 


Move, load, and store instruction groups provide the ability 
to move either 8 or 16 bits of data between memory, the 
six working registers and the accumulator using direct, in- 
direct, and immediate addressing modes. 


The ability to branch to different portions of the program 
is provided with jump, jump conditional, and computed 
jumps. Also the ability to call to and return from sub- 
routines is provided both conditionally and unconditionally. 
The RESTART (or single byte call instruction) is useful for 
interrupt vector operation. 

Double precision operators such as stack manipulation and 


double add instructions extend both the arithmetic and 
interrupt handling capability of the M8080A. The ability to 


increment and decrement memory, the six general registers 
and the accumulator is provided as well as extended incre- 
ment and decrement instructions to operate on the register 
pairs and stack pointer. Further capability is provided by 
the ability to rotate the accumulator left or right through 
or around the carry bit. 


Input and output may be accomplished using memory ad- 
dresses as 1/O ports or the directly addressed |/O provided 
for in the M8080A instruction set. 


The following special instruction group completes the 
M8080A instruction set: the NOP instruction, HALT to stop 
processor execution and the DAA instructions provide deci- 
mal arithmetic capability. STC allows the carry flag to be di- 
rectly set, and the CMC instruction allows it to be comple- 
mented. CMA complements the contents of the accumulator 
and XCHG exchanges the contents of two 16-bit register 
pairs directly. 


Table 1. Instruction Set Summary 


Data and Instruction Formats 


Data in the M8080A is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be in the 


same format. 


D> Dg Dg D4 Da Do Dy Do 


DATA WORD 


The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored 
in successive words in program memory. The instruction formats then depend on the particular operation 


executed. 


One Byte Instructions 


D7 Dg Ds Dy D3 D> D; Dgo| OP CODE 


Two Byte Instructions 


D7 Dg Ds Dy D3 D> D; Dg| OP CODE 


D7 Dg Ds D4 D3 Dz Dy Dg} OPERAND 
Three Byte Instructions 

D7 Dg Ds Dg D3 Dz D; Dg} OP CODE 
D7 Dg Ds D4 D3 Do Di Do 


TYPICAL INSTRUCTIONS 


Register to register, memory refer- 
ence, arithmetic or logical, rotate, 
return, push, pop, enable or disable 
Interrupt instructions 


Immediate mode or |/O instructions 


Jump, call or direct load and store 
instructions 


LOW ADDRESS OR OPERAND 1 


D> Dg Ds D4 D3 D> D; Do | HIGH ADDRESSOR OPERAND 2 


For the M8080A a logic ‘1’ is defined as a high level and a logic ‘0’ is defined as a low level. 
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SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR 


MILITARY 
a Single +5V Power Supply = Four Vectored Interrupt Inputs (One is 
: ; non-Maskable) Plus an 8080A- 
# 100% Software Compatible with 8080A compatible interrupt 
mB 


1.3 us Instruction Cycle 


@ On-Chip Clock Generator (with External 
Crystal, LC or RC Network) = Decimal, Binary and Double Precision 


Arithmetic 


@ Serial In/Serial Out Port 


# On-Chip System Controller; Advanced 
Cycle Status Information Available for = Direct Addressing Capability to 64k 
Large System Control Bytes of Memory 


The Intel® M8085A is a complete 8-bit parallel Central Processing Unit (CPU). Its instruction set is 100% software 
compatible with the 8080A microprocessor, and it is designed to improve the present 8080A’s performance by higher 
system speed. 


The M8085A incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) provided for the 
8080A, thereby offering a high level of system integration. 


The M8085A uses a multiplexed data bus. The address is split between the 8-bit address bus and the 8-bit data bus. 


INTA RST6.5 TRAP 


RsT55 | AST75 SID sop 


f 


SERIAL 1/0 CONTROL 


8-BIT INTERNAL DATA BUS 1] 


Vcc 
HOLD 
HLDA 
CLK (OUT) 
RESET IN 
READY 
10/M 

$1 

RD 

WR 


ACCUMULATOR 
(8) 


FLAG '! 
FLIP FLOPS 


8 
M8085A 
9 2 


ARITHMETIC 
LOGIC 

UNIT 
(ALU) 
a 


oO (8) 

ry te |__ REGISTER 
REG REG ARRAY 

STACK POINTER 


) 
16) 
(16) 
6) 


CYCLE 
ENCODING 


PROGRAM COUNTER 


POWER | —» +5V 


SUPPLY | GNO INCREMENTER/DECREMENTER 


ADORESS LATCH 1 


TIMING AND CONTROL 


| 
iis ADDRESS BUFFER (8) DATA/ADDRESS BUFFER ©) 
X2 CONTROL 


STATUS DMA a 


1 
RD WR ALE SoS; 10/M HLDA 


Ais-As AD7-AD, 
READY H R TIN 7 0 
EAD OLO ESE ADDRESS BUS ADDRESS/DATA BUS 


CLK OUT 


Figure 1. Block Diagram Figure 2. Pin Configuration 
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Table 1. Pin Description 


Name and Function 


Address Bus: The most significant 8 bits of 
the memory address or the 8 bits of the I/O 
address, 3-stated during Hold and Halt 
modes and during RESET. 


Multiplexed Address/Data Bus: Lower 8 
bits of the memory address (or I/O address) 
appear on the bus during the first clock 
cycle (T state) of a machine cycle. It then 
becomes the data bus during the second 
and third clock cycles. 


Address Latch Enable: It occurs during 


the first clock state of a machine cycle and 
enables the address to get latched into the 
on-chip latch of peripherals. The falling 
edge of ALE is set to guarantee setup and 
hold times for the address information. The 
falling edge of ALE can also be used to 
strobe the status information. ALE is never 
3-stated. 


Machine cycle status: 

IO/M S; Spo Status 

“0 0 1 Memory write 

Memory read 

/O write 

/O read 

Opcode fetch 

Interrupt Acknowledge 
Halt 

Hold 

Reset 

* = 3-state (high impedance) 

X = unspecified 

S, can be used as an advanced R/W status. 
1O/M, Sp and S; become valid at the begin- 
ning of a machine cycle and remain stable 
throughout the cycle. The falling edge of 
ALE may be used to latch the state of these 
lines. 


0 
1 
0 
1 
1 
1 
0 
X 
X 


* 


Read Control: A low level on RD indicates 
the selected memory or I/O device is to be 
read and that the Data Bus is available for 
the data transfer, 3-stated during Hold and 
Halt modes and during RESET. 


Write Control: A low level on WR indicates 
the data on the Data Bus is to be written 
into the selected memory or I/O location. 
Data is set up at the trailing edge of WR. 
3-stated during Hold and Halt modes and 
during RESET. 


Ready: If READY is high during a read or 
write cycle, it indicates that the memory or 
peripheral is ready to send or receive data. 
If READY is low, the cpu will wait an integral 
number of clock cycles for READY and go 
high before completing the read or write 
cycle. 


Pin 
Symbol No. Name and Function 


| HOLD 


HLDA ' 


INTR 


mk 


Hold: HOLD indicates that another master 
is requesting the use of the address and 
data busses. The cpu, upon receiving the 
hold request, will relinquish the use of the 
bus as soon as the completion of the cur- 
rent bus transfer. Internal processing can 
continue. The processor can regain the bus 
only after the HOLD is removed. When the 
HOLD is acknowledged, the Address, Data, | 
RD, WR, and |O/M lines are 3-stated. 


Hold Acknowledge: Indicates that the cpu 
has received the HOLD request and that it 
will relinquish the bus in the next clock 
cycle. HLDA goes low after the Hold re- 
quest is removed. The cpu takes the bus 
one half clock cycle after HLDA goes low. 


Interrupt Request: Is used as a general- 
purpose interrupt. It is sampled only during 
the next to the last clock cycle of an instruc- 
tion and during Hold and Halt states. If it is 
active, the Program Counter (PC) will be 
inhibited from incrementing and an INTA 
will be issued. During this cycle a RESTART 
or CALL instruction can be inserted to 
jump to the interrupt service routine. The 
INTR is enabled and disabled by software. It 
is disabled by Reset and immediately after 
an interrupt is accepted. 


Interrupt Acknowledge: Is used instead of 
(and has the same timing as) RD during the 
Instruction cycle after an INTR is accepted. 
It can be used to activate the 8259 Interrupt 
chip or some other interrupt port. 


Restart Interrupts: These three inputs 
have the same timing as INTR except they 
cause an internal RESTART to be automat- 
ically inserted. 


The priority of these interrupts is ordered 
as shown in Table 2. These interrupts have 
a higher priority than INTR. In addition, 
they may be individually masked out using 
the SIM instruction. 


Trap: Trap Interrupt is a nonmaskable 
RESTART interrupt. It is recognized at the 
same time as INTR or RST 5.5-7.5. It is 
unaffected by any mask or Interrupt En- 
able. It has the highest priority of any inter- 
rupt. 
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Table 1. Pin Description (Continued) 


 eymtor [en Name and Function 


RESET IN Reset In: Sets the Program Counter to 
zero and resets the Interrupt Enable and 
HLDA flip-flops. The data and address bus- 
ses and the control lines are 3-stated dur- 
ing RESET and because of the asynchron- 
ous nature of RESET, the processor's 
internal registers and flags may be altered 
by RESET with unpredictable results. 
RESET IN is a Schmitt-triggered input, al- 
lowing connection to an R-C network for 
power-on RESET delay. The cpu is held in 
the reset condition as long as RESET IN is 
applied. 


RESET OUT Reset Out: Indicates cpu is being reset. | 
Can be used as a system reset. The signal is 
synchronized to the processor clock and 
lasts an integral number of clock periods. 


| oymvot | he Name and Function 


X; and Xo: X; and Xo are connected to a 
crystal, LC, or RC network to drive the 
internal clock generator. X; can also be an 
external clock input from a logic gate. The 
input frequency is divided by 2 to give the 
processor's internal operating frequency. 


Clock Output: Clock Output for use as a 
system clock. The period of CLK is twice 
the X4, Xo input period. 


Serial Input Data Line: The data on this 
line is loaded into accumulator bit 7 
whenever a RIM instruction is executed. 


Serial Output Data Line: The output SOD 
is set or reset as specified by the SIM 
instruction. 


Veco — | 0 Power: +5 volt supply. 
/Vss_ «|. Ground: Ground Reference. 


Table 2. Interrupt Priority, Restart Address, and Sensitivity 


| TRAP 


RST 7.5 


NOTES: 


Address Branched To (1) 
When a Occurs Type Trigger 


Ce ee CTT 
[Tastes | «| 2H ——~*d WH evel unt sampiegs 
sta 8 | See Note 2) High level until sampled 


pH Rising ee AND - level until sampled. 


1. The processor pushes the PC on the stack before branching to the indicated address. 
2. The address branched to depends on the instruction provided to the cpu when the interrupt is acknowledged. 
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FUNCTIONAL DESCRIPTION 


The M8085A is a complete 8-bit parallel central processor. 
It is designed with N-channel depletion loads and requires 
a single +5 volt supply. Its basic clock speed is 3 MHz, thus 
improving on the present 8080A’s performance with 
higher system speed. Also it is designed to fit into a 
minimum system of three IC’s: The CPU (8085A), a 
RAM/IO (8156), and a ROM or EPROM/IO chip (8355 or 
8755A). 


The M8085A has twelve addressable 8-bit registers. Four 
of them can function only as two 16-bit register pairs. Six 
others can be used interchangeably as 8-bit registers or as 
16-bit register pairs. The M8085A register set is as follows: 


Mnemonic Register Contents 
ACC orA Accumulator 8 bits 
PC Program Counter 16-bit address 
BC,DE,HL General-Purpose 8 bits x 6 or 
Registers; data 16 bits x3 
pointer (HL) 
SP Stack Pointer 16-bit address 
Flags or F Flag Register 5 flags (8-bitspace) 


The M8085A uses a multiplexed Data Bus. The address is 
split between the higher 8-bit Address Bus and the lower 
8-bit Address/Data Bus. During the first T state (clock 
cycle) of a machine cycle the low order address is sent 
out on the Address/Data bus. These lower 8 bits may be 
latched externally by the Address Latch Enable signal 
(ALE). During the rest of the machine cycle the data bus is 
used for memory or I/O data. 


The M8085A provides RD, WR, So, $1, and 1O/M signals for 
bus control. An Interrupt Acknowledge signal (INTA) is 
also provided. HOLD, READY, and all Interrupts are 
synchronized with the processor’s internal clock. The 
M8085A also provides Serial Input Data (SID) and Serial 
Output Data (SOD) lines for simple serial interface. 


In addition to these features, the M8085A has three mask- 
able, vector interrupt pins and one nonmaskable TRAP 
interrupt. 


Interrupt and Serial |/O 


The M8085A has 5 interrupt inputs: INTR, RST 5.5, 
RST 6.5, RST 7.5, and TRAP. INTR is identical in function 
to the 8080A INT. Each of the three RESTART inputs, 5.5, 
6.5, and 7.5, has a programmable mask. TRAP is also a 
RESTART interrupt but it is nonmaskable. 


The three maskable interrupts cause the internal execu- 
tion of RESTART (saving the program counter in the stack 
and branching to the RESTART address) if the interrupts 
are enabled and if the interrupt mask is not set. The non- 
maskable TRAP causes the internal execution of a 
RESTART vector independent of the state of the inter- 
rupt enable or masks. (See Table 1.) 


There are two different types of inputs in the restart in- 
terrupts. RST 5.5 and RST 6.5 are high level-sensitive like 
INTR (and INT on the 8080) and are recognized with the 
same timing as INTR. RST 7.5 is rising edge-sensitive. 


For RST 7.5, only a pulse is required to set an internal 
flip-flop which generates the internal interrupt request. 
(See Section 2.2.7.) The RST 7.5 request flip-flop remains 
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set until the request is serviced. Then it is reset auto- 
matically. This flip-flop may also be reset by using the 
SIM instruction or by issuing a RESET IN to the M8085A. 
The RST 7.5 internal flip-flop will be set by a pulse on the 
RST 7.5 pin even when theRST 7.5 interruptis masked out. 


The status of the three RST interrupt masks can only be 
affected by the SIM instruction and RESET IN. (See SIM, 
Chapter 4.) 


The interrupts are arranged in a fixed priority that deter- 
mines which interrupt is to be recognized if more than 
one is pending as follows: TRAP — highest priority, 
RST 7.5, RST 6.5, RST 5.5, INTR — lowest priority. This 
priority scheme does not take into account the priority 
of a routine that was started by a higher priority interrupt. 
RST 5.5 can interrupt an RST 7.5 routine if the interrupts 
are re-enabled before the end of the RST 7.5 routine. 


The TRAP interrupt is useful for catastrophic events such 
as power failure or bus error. The TRAP input is recog- 
nized just as any other interrupt but has the highest 
priority. It is not affected by any flag or mask. The TRAP 
input is both edge and level sensitive. The TRAP input 
must go high and remain high until it is acknowledged. 
It will not be recognized again until it goes low, then high 
again. This avoids any false triggering due to noise or 
logic glitches. Figure 3 illustrates the TRAP interrupt 
request circuitry within the M8085A. Note that the 
servicing of any interrupt (TRAP, RST 7.5, RST 6.5, RST 
5.5, INTR) disables all future interrupts (except TRAPs) 
until an El instruction is executed. 


INSIDE THE M8085A 


EXTERNAL 
TRAP 
INTERRUPT 
REQUEST 


RESET IN 


INTERRUPT 
REQUEST 


TRAP F.F. 


INTERNAL 
TRAP 


ACKNOWLEDGE 


Figure 3. TRAP and RESET IN Circuit 


The TRAP interrupt is special in that it disables interrupts, 
but preserves the previous interrupt enable status. Per- 
forming the first RIM instruction following a TRAP inter- 
rupt allows you to determine whether interrupts were 
enabled or disabled prior to the TRAP. All subsequent 
RIM instructions provide current interrupt enable status. 
Performing a RIM instruction following INTR, or RST 
5.5-7.5 will provide current Interrupt Enable status, 
revealing that Interrupts are disabled. See the descrip- 
tion of the RIM instruction in Chapter 4. 


The serial 1/O system is also controlled by the RIM and 
SIM instructions. SID is read by RIM, and SIM sets the 
SOD data. 
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Basic System Timing 


The M8085A has a multiplexed Data Bus. ALE is used asa 
strobe to sample the lower 8-bits of address on the Data 
Bus. Figure 4 shows an instruction fetch, memory read 
and I/O write cycle (as would occur during processing of 
the OUT instruction). Note that during the I/O write and 
read cycle that the I/O port address is copied on both the 
upper and lower half of the address. 


There are seven possible types of machine cycles. Which 
of these seven takes place is defined by the status of the 
three status lines (IO/M, S1, So) and the three control 
signals (RD, WR, and INTA). (See Table 2.) The status 
lines can be used as advanced controls (for device selec- 
tion, for example), since they become active at the T1 
state, at the outset of each machine cycle. Control lines 
RD and WR become active later, at the time when the 
transfer of data is to take place, so are used as command 
lines. 

A machine cycle normally consists of three T states, with 
the exception of OPCODE FETCH, which normally has 
either four or six T states (uniess WAIT or HOLD states 
are forced by the receipt of READY or HOLD inputs). Any 
T state must be one of ten possible states, shown in 
Table 3. 


CLK 


Ag-Ais 
ADDRESS) MEMORY (1/0 
(INSTRUCTION) 
ALE 
RD 
WR 
10/M 


STATUS 


\ ey 


Figure 4. M8085A Bas 
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Table 3. M8085A Machine Cycle Chart 


MACHINE CYCLE 


OPCODE FETCH 
MEMORY READ 
MEMORY WRITE 
1/0 READ 

1/0 WRITE 
ACKNOWLEDGE 
OF INTR 

BUS IDLE 


(OF) 
(MR) 
(MW) 
(1OR) 
(1OW) 


(INA) 
(BI): DAD 
ACK. OF 
RST,TRAP 


HALT 


Machine 
State é 

x | x 1 jis 
T2 x | x Xx Xx Xx x | 0 
Twalt x |x | x x x X | 0 
T3 x | X xX | xX x xX | 0 
T4 1 | OF Xx TS 1 1 | 0 
Ts | 1 | OF X TS 1 1/0 
Ts 1 | OF X TS 1 1 | 0 
Tresetr | X | TS. TS TS TS |} | 0 
THALT 0 | TS TS TS TS + 1] 0 
Tuo.o | x | TS) TS | TS ts | 1) 0 


0 = Logic “0” 
1 = Logic ‘1” 


TS = High Impedance 
X = Unspecified 


* ALE not generated during 2nd and 3rd machine cycles of DAD 
instruction. 
+ 1O0/M = 1 during T4 — Tg of INA machine cycle. 


—=>(X> 


DATA FROM MEMORY 


DATA TO MEMORY 


PORT ADDRESS) OR PERIPHERAL 


10 (READ) 01 WRITE 11 


ic System Timing 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under ‘‘Absolute 


Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Ambient Temperature Under Bias .... —55°C to +125°C tion of the device at these or any other conditions above 
Storage Temperature ............... —65°C to +150°C those indicated in the operational sections of this specifi- 
Voltage on Any Pin cation is not implied. Exposure to absolute maximum 

With Respect to Ground .............. —0.5V to +7V rating conditions for extended periods may affect device 
POWer DISSINSUGN 2. cn ccncsrcensnanscnnaneany 1.5 Watt reliability. 


D.C. CHARACTERISTICS (1, = —55°C to +125°C, Voc = 5V +10%, Vsg = OV; unless otherwise specified) 


[—Symbot [Parameter [Mins [Wax [Units [Tow Conditions 
[Vv | rowttow vonage if os | wav | 
ae a A 
[Von | Outout High Voase | aa || VP ty = 4000 
C—O RR A 
A 
Via owt tow eet RESET | as [as 
[Vine | rout High tev neseT | 24 | VooS | v_| SSS 


A.C. CHARACTERISTICS (Tt, = —55°C to + 125°C, Vee = 5V +10%, Vsg = OV) 


Tteve | CLK GycwPenog —SSSCS~wtCiOSYC tO] 
“a | etktow Time id ws CS 
[we | tk HigntimeSS~<“~*~—tCSiSYSSSC“‘iS ws SPSC~*” 
[ett [GLK Rise and Fatime ns 
[tens [ Xr Rising to CLK Rising ———SCS~“dtC‘aY |e PSS 
[xr Xi Rising to CLK Faling——~S~—SCi to] 
[tac | Aarts Valid to Leading Edge of Control” | aro | | ns | 
a 


| taD Ao-15 Valid to Valid Data In 


tAFR Address Float After Leading Edge of 
READ (INTA) 
As-15 Valid Before Trailing Edge of ALE!! | 9 | lf lus fs 


Ror Valid Before Traling Edge of ALE | 70 | | ms |S 


Address (Ag-A15) Valid After Control 


———EE 
tcc Width of Control Low (RD, WR, INTA) 
Edge of ALE 
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Test Conditions 


intel Ms8085A 


A.C. CHARACTERISTICS (Continued) 


ALE 


Data Valid to Trailing Edge of WRITE 
HLDA to Bus Enable 

Bus Float After HLDA 

HLDA Valid to TRailing Edge of CLK 
HOLD Hold Time 

HOLD Setup Time to Trailing Edge of CLK 170 
INTR Hold Time 


INTR, RST, and TRAP Setup Time to 
Falling Edge of CLK 


tLa Address Hold Time After ALE 


tLe Trailing Edge of ALE to Leading Edge 
of Control 


ALE Low During CLK High 
tLDR ALE to Valid Data During Read 
tLow ALE to Valid Data During Write 
tLL ALE Width 

ALE to READY Stable 


Test Conditions 


tHABE 


mh 
oa 
oO 


tHACK 


= 
(2) 


tLCK 


— 
> 
©) 


tLRY 


_ 
ak, 
So 


Trailing Edge of READ to Re-Enabling 150 
of Address 


READ (or INTA) to Valid Data eS eee 

Serene ef ep 
of Next Control 

| tron | DataHold Time AtterREADINTA™! =| oo =| | ons | Cd 

weet READY Hod Time ee 


tRYS READY Setup Time to Leading Edge 110 
of CLK 


NOTES: 
1. As-A1s address Specs apply to |O/M, So, and S1 except As-A15 are undefined during T4-Te of OF cycle whereas 1O/M, So, and 
S; are stable. 
2. Test conditions: tcyc = 320ns; CL = 150pF. 
3. For all output timing where CL # 150pF use the following correction factors: 
25pF < Ci < 150pF: -0.10 ns/pF 
150pF < C_ < 300pF: +0.30 ns/pF 
. Output timings are measured with purely capacitive load. 
. All timings are measured at output voltage VL = 0.8V, VH = 2.0V, and 1.5V with 20ns rise and fall time on inputs. 
. To calculate timing specifications at other values of tcyc use Table, 
. Data hold time is guaranteed under all loading conditions. 


NON 
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intel M8085A 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 DEVICE 


, UNDER 
TEST POINTS TEST 
C, = 150 pF 


. 0.8 | 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC "1" AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" C. = 150 pF 


"0." p 
AND 0.8V FOR A LOGIC "0. C, INCLUDES JIG CAPACITANCE 


BUS TIMING SPECIFICATION 
AS A Tcyc DEPENDENT 


io — (1/2) T - 60 MIN 
5 - - MAX 
- - MAX 


t 
7 (5/2 +N) T - 225 
t (3/2 + N) T - 180 


is (3/2 +N) T - 60 MIN 


tow 
ices (1/2) T - 60 
7 (3/2 +N) T - 80 
L 
Cc 
; 


C 
fi (1/2) T - 110 
ccs (3/2) T - 260 


- MIN 
_ MIN 
— MIN 
— MAX 
_ MIN 

— MIN 

— MIN 

_ MIN 

MAX 


to (1/2) T - 40 


fon — (4/2) T- 180 
NOTE: _N is equal to the total WAIT states. 
T= teve: 


ta (2/2) T - 50 
t (1/2) T - 80 
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M8085A 


WAVEFORMS 


X1 INPUT 


CLK 
OUTPUT 


READ 


CLK 


tick —> 


ADDRESS 


> 
* 
> 
a 
oe | 


te ——e| |<—_________ t2 —______—__»| |+—_ 


ey ae M/E 


ALE 


kK tick 


ADDRESS 


—— tLow 
ADDRESS . DATA OUT 
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fa “co 


$$$ ce —— > 
RD/INTA t 
t= Ga 


toa 
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intel M8085A 


WAVEFORMS (Continued) 


READ OPERATION WITH WAIT CYCLE (TYPICAL) 
SAME READY TIMING APPLIES TO WRITE OPERATION 


| Ty; | T2 | Twalt T3 qq 
CLK 


<— ticK — 


Ss a ie 
ADp-AD, X | ADDRESS > ff 


tLL —_— PP 


= a aes hae 
taL J 


<— tic 
| 


READY 


HOLD 


T, T; THotp T HOLD Ty 


- — 
HOLD j 
{ tHABE ) 
4 
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intel M8085A 


WAVEFORMS (Continued) 


INTERRUPT 


E, | 
wo 
ao 
st 
ort 
on 
x 
ie) 
| a 
7] 
= 
as? 


| 


Agis 
AD , ( 
0-7 A CALL INST. 
—————_———- BUS FLOATING* 
ALE 


] 
Oo 
ee 


INTA 
tHABE 
1] 
Zt [§¥— 
rou PR ha 
wad 
tups tubH 
_ g 
t t = 
HACK [*~ "HABF *10/M IS ALSO FLOATING DURING THIS TIME. 
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MILITARY iAPX 86/10 


16-BIT HMOS MICROPROCESSOR 


(M8086) 
MILITARY 


= Direct Addressing Capability to 1 
MByte of Memory 


= Assembly Language Compatible with 
8080/8085 


a 14 Word, By 16-Bit Register Set with 
Symmetrical Operations 


= 24 Operand Addressing Modes 
a Bit, Byte, Word, and Block Operations 


PRELIMINARY 


a 8-and 16-Bit Signed and Unsigned 
Arithmetic in Binary or Decimal 
Including Multiply and Divide 


@ 5 MHz Clock Rate 


=» MULTIBUS™ System Compatible 


interface 


a Military Temperature Range: 


—55°C to +125°C 


The Intel® Military iAPX 86/10 is a new generation, high performance 16-bit microprocessor implemented in N-channel, 
depletion load, silicon gate technology (HMOS), and packaged in a 40-pin CerDIP package. The processor has attributes of 
both 8- and 16-bit microprocessors. It addresses memory as a sequence of 8-bit bytes, but has a 16-bit wide physical path to 


memory for high performance. 


EXECUTION UNIT BUS INTERFACE UNIT 


RELOCATION 
REGISTER FILE 
SEGMENT 
REGISTERS 


REGISTER FILE 


DATA, 
POINTER, AND 
INDEX REGS 
(8 WORDS) 


16-BIT ALU 


INSTRUCTION 
POINTER 
(5 WORDS) 


FLAGS 


CONTROL & TIMING 


CLK RESET READY MN/MX GND 
Vcc 


Figure 1. Functional Block Diagram 
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RQ/GTO (HOLD) 
RQ/GT1 (HLDA) 
LOCK (WR) 
$2 (M/iO) 
$1 (DT/R) 
SO (DEN) 
Qso_ (ALE) 
Qs1_—(INTA) 


Figure 2. Pin Configuration 


intel MILITARY iAPX 86 PRELIMINARY 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias... . —55°C to + 125°C 
Storage Temperature............. - 65°C to + 150°C 
Voltage on Any Pin with 

Respect to Ground.................. -1.0to +7V 
Power DISSIDAUOR xi400s2c0002s000s0K5940 2.5 Watt 


*NOTICE: Stresses above those listed under ‘‘Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (Ta = —55°C to + 125°C, Voc = 5V +10%) 


Input Low Voltage 


Input High Voltage 


Output Low Voltage 
Output High Voltage 


Power Supply Current 


Input Leakage Current 


Output Leakage Current 


Clock Input Low Voltage 
Clock Input High Voltage 


Capacitance of Input Buffer 
Cin (All input except _ 
ADy— AD45, RQ/GT) 


C Capacitance of I/O Buffer 
ha (AD, — AD,5, RO/GT) 
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intel MILITARY IAPX 86 PRELIMINARY 


A.C. CHARACTERISTICS (tT, = —55°C to +125°C, Veg = 5V +10%) 
MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 


iAPX 86 


2 
( 
( 


Parameter 


o 
oO 
a 


TOLCL CLK Cycle Period — 8086 
TCLCH CLK Low Time 2/4 TCLCL)-15 


TCHCL CLK High Time ¥Y¥3 TCLCL) +2 


From 1.0V to 35.V 


From 3.5V to 1.0V 


10 
10 
0 


0 
30 

Data In Hold Time 10 
RDY Setup Time into 8284 (See Notes 1, 2) a0 
0 

5 

0 


Data in Setup Time aa 


TRIVCL 
TCLR1X 
TRYHCH 
TCHRYX 
TRYLCL 


[ RDY Hold Time into 8284 (See Notes, 7,2) | 0 

READY Inactive to CLK See Note) |B 

CTiLiH [input Rise Time (Except CLK) S| SSC*dC 
= 


TIHIL Input Fall Time (Except CLK) 12 


TIMING RESPONSES 


Test Conditions 


Symbol Parameter 


C, = 20-100 pF for 
all 8086 Outputs 
(In addition to 
8086 self-load) 


TCVCTV 
TCHCTV 
TCVCTX 


a 
RD Inactive to Next Address Active | TCLCL-45 [| | 
ee 
Lo 
mae 


ns 


TRLRH RD Width 2TCLOL~75 
TWLWH WR Width 2TCLCL-60 


ns 
| ns | From 0.8V to 2.0V 
TOHOL Output Fall Time From 2.0V to 0.8V 


NOTES: 
1. Signal at 8284 shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 


3. Applies only to T2 state (8 ns into T3). 
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MILITARY iAPX 86 


PRELIMINARY 


A.C. TESTING INPUT, OUTPUT WAVEFORM 


INPUT/OUTPUT 


1.5 <——_ TEST POINTS ———> 1.5 


0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC "1" AND 0.45V FOR 
ALOGIC “0.” THE CLOCK IS DRIVEN AT 4.3V AND 0.25V. TIMING MEASURE- 
MENTS ARE MADE AT 1.5V FOR BOTH A LOGIC “1” AND “0.” 


WAVEFORMS 


BUS TIMING—MINIMUM MODE SYSTEM 


VcH 


CLK (8284A Output) 


BHE/S7, Aig/S6-A16/S3 


RDY (8284A Input) 
SEE NOTE 4 


| 
| 


READY (8086 Input) 


AD 5-ADo 


READ CYCLE 
(NOTE 1) 
(WR, INTA = Von) 


i 
TCHCTV 


/TCLLH> 


T2 
TCH1CH2 


Ty 
—  TCLCL ———> 


DEVICE 
UNDER 
TEST 


A.C. TESTING LOAD CIRCUIT 


C, = 100 pF 


I 


CL = 100 pF 
C, INCLUDES JIG CAPACITANCE 


TCL2CL1 


le TCLCH —> 


== _ | 


TCLAV— TCLAX > 


BHE, A19-A16 


——+| TAVAL 
TCHLL—> 


+ 


Vin AN 


TRYLCL—+| 


Vit 


TAVAL TRYHCH—> 
TLLAX—> 


TCLAZ 
TCLAX 


— 


TCLAV— 


a a 


TCHCTV TCLRL 


TCVCTV— 


10-80 


+ TRIVCL 


TCHDX —> 


MN 


+—TCLR1X 


— 


| 
=+— TCHRYX 


TOVCL ——+}—-TCLDX—> 
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intel MILITARY iAPX 86 PRELIMINARY 


WAVEFORMS (Continued) 


BUS TIMING—MINIMUM MODE SYSTEM (Continued) 


Ty 
TCLCL TCL2CL1 


CLK (8284A Output) 


TCLCH — 


TCHDX -> 


bess TLLAX 


TCHDX 
TCLAV > TCLAX—> CHD 


ADi5-ADo AD45-ADo = DATA OUT ! 


WRITE CYCLE | in 
(NOTE 1) 


(RD, INTA, 
DT/R = Von) 


TCVCTX 


TCVCTX— — 
TDOVCL—+ |«— TCLDX 


AD 5-ADo POINTER! FLOAT 


TCHCTV <—TCHCTV 


INTA CYCLE 
(NOTES 1 & 3) 


RD, WR = Vou 
BHE = Vo.) 


TCVCTV—> 


SOFTWARE HALT— 
RD, WR, INTA = Von 
DT/R = INDETERMINATE 


INVALID ADDRESS SOFTWARE HALT 


NOTES: 

1. All signals switch between Voy and Vo, unless otherwise specified. 

2. RDY is sampled near the end of To, T3, Tw to determine if Tw machines states are to be inserted. 

3. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control signals shown 
for second INTA cycle. 

4. Signals at 8284A are shown for reference only. 

5. All timing measurements are made at 1.5V unless otherwise noted. 


10-81 AFN-01237B 
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A.C. CHARACTERISTICS 


MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 
TIMING REQUIREMENTS 


8086/8086-4 
-symtnt | Parmer ev — 


TCLCL CLK Cycle Period — 8086 | 200 | 500 | os | 
TCLCH CLK Low Time (24 TCLCL) — 15 UG 


TCHCL CLK High Time (Ys TCLCL) + 2 
From 1.0V to 3.5V 
From 3.5V to 1.0V 


TCH1CH2 CLK Rise Time 


TCL2CL1 CLK Fall Time 

TDVCL Data in Setup Time 
From 0.8V to 2.0V 
From 2.0V to 0.8V 


10 
10 
I ee ee 
Data in Hold Time 
_TRIVCL | _RDY Setup Time into 8284 (See Notes 1,2) | 35 
_TCLR1X | RDY Hold Time into 8284 (See Notes 1,2) | 0 
TOHRYX | ReadyHold Time into 8086 SSS 
TTRYLCL | READY inactive to CLK (SeeNotes) | SSB 
hal Ft 
(INTR, NMI, TEST) (See Note 2) 
-TGVCH | R@/GTSetupTime | 
PToHGX | RQ Hold Time into 6068S 
paras 
fel 


TILIH Input Rise Time (Except CLK) 
TIHIL Input Fall Time (Except CLK) 


12 


TIMING RESPONSES 


TCLML Command Active Delay (See Note 1) 
TCLMH Command Inactive Delay (See Note 1) 
TRYHSH READY Active to Status Passive (See Note 3) 


Test Conditions 


id) 
(oy) 


C. = 20-100 pF for 


TSVLH Status Valid to ALE High (See Note 1) et /__ns_| all 8086 Outputs 
TSVMCH | _ Status Valid to MCE High (See Note 1) | id 15 | ns_| (In addition to 
TCLLH CLK Low to ALE Valid (See Note 1) —e 15 | ns _ | 8086 self-load) 


ak 
on 


— 
QO 
= 
2) 
< 
op) 
pan 
» 
a 
Cc 
” 
> 
QO 
=. 
< 
i¢?) 
O 
© 
©» 
< 
ee eee ee ae 
we | GD |) cca: cue 
oO;O;oO/}O 


or 


CTovNV | Control Active Delay (SeeNote) SSS 
10 
0 


a —_ —_ —_ 


ol 


on 


) 
TCVNX Control Inactive Delay (See Note 1) 10 
TAZRL Address Float to Read Active 
RD Active Delay 
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TCLRL 


intel MILITARY iAPX 86 PRELIMINARY 


A.C. CHARACTERISTICS (Continued) 


Symbol Parameter adidas Test Conditions 
Min. | Max. 
TCLRH | _ RD Inactive Delay =o nes ea _ 


10 
TRHAV RD Inactive to Next Address Active TCLCL-45 


| TCHDTL | Direction Control Active Delay (SeeNote1) | == || 50 |__| 
CTCHOTH | Direction Control Inactive Delay (See Note )|____—~+|~_—-30_~|~_ns_ 
Trcust | GtActveDeey SS SSS—*iédSC(‘“‘aS™*dSCtS On 

20 | ns 


TCLGH GT Inactive Delay 
TRLRH RD Width 2TCLCL-75 
TOLOH Output Rise Time 


TOHOL Output Fall Time 


NOTES: 

1. Signal at 8284 or 8288 shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T3 and wait states. 

4. Applies only to T2 state (8 ns into T3). 


From 0.8V to 2.0V 
From 2.0V to 0.8V 
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intel MILITARY iAPX 86 PRELIMINARY 


WAVEFORMS 


BUS TIMING—MAXIMUM MODE SYSTEM (USING 8288) 
Ti T2 T3 T4 
TCHICH2 TCL2CL1 Tw 
TCLCL 


$2,513,509 (EXCEPT HALT) 


BHE/S7, Ar9/Se-Aie/Sa 


| ALE (8288 OUTPUT) 


=—TRIVCL 


Sie 


SEE NOTE 5 | 


TRYLCL—» 


READY (8086 INPUT) | — 
| TRYHSH — _— 
—>|TCLAX|}+— 


TRYHCH — = 
READ CYCLE TCLAV—+| — —|TCLAZ |+— de TCLDX—=| 


- Ai5-ADo DATA IN 


TAZRL— TRHAV 


= 
TCHDTL — — |-—+|TCLAL TCHDTH 


DT/R 


8288 OUTPUTS 
SEE NOTES 5,6 


MRDC ORIORC 
TCVNV— 
DEN 


TCVNX — rain 
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intel MILITARY iAPX 86 PRELIMINARY 


WAVEFORMS (Continued) 


BUS TIMING—MAXIMUM MODE SYSTEM (USING 8288) 
(Continued) T Te 


VCH 
i TCLSH 
‘ y, : 
ee oe oe ee oe 


WRITE CYCLE TCLAV > TCHDX —> 


DX ene 


TCVNV > — TCVNX— 
| 


TCLMH — 


8288 OUTPUTS | 
SEE NOTES 5,6 AMWC OR AIOWC 


| —~| |<—TCLML -—»| |<—TCLMH 
| | | 
MWTC OR iOWG | | 


AD ;5-ADo 
(SEE NOTES 3 & 4) 


INTA CYCLE 


POINTER 
FLOAT — 


TCLMCL > 


TSVMCH-— * 


TCLMCH— |=- TCHDTL t-—TCHOTH 


8288 OUTPUTS TCLML —* 
SEE NOTES 5.6 | !NTA 


DEN 


SOFTWARE HALT — —_ 
(DEN = Vo.;AD,MADC,|IORC,MWTC,AMWC,iOWC, AIOWC, INTA, = Von) 


AD i5-ADo INVALID ADDRESS 


NOTES: 

1. All signals switch between Voy and Vo, unless otherwise specified. 

2. RDY is sampled near the end of To, T3, Tw to determine if Tw machines states are to be inserted. 

3. Cascade address is valid between first and second INTA cycle. 

4. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control for pointer 
address is shown for second INTA cycle. 

. Signals at 8284A or 8288 are shown for reference only. 


(eens 


an 


active high 8288 CEN. 
7. All timing measurements are made at 1.5V unless otherwise noted. 
8. Status inactive in state just prior to T4. 
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intel MILITARY iAPX 86 PRELIMINARY 


ASYNCHRONOUS SIGNAL RECOGNITION 


TINVCH (see note 1) 


signal 


TEST 


NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRO- 
NOUS SIGNALS ONLY TO GUARANTEE RECOGNITION 
AT NEXT CLK 


BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY) 


Any CLK Byckeme) Any CLK Cycle —e 


REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 


ja— Any CLK Cycle —=|-— 0 CLK Cycle —= 


——TIGVCH ——— TCL Ce 
—TCHGX — —TCLGH 


PULSE 1 PULSE 3 
COPROCESSOR PULSE 2 COPROCESSOR 
Re 8086 GT RELEASE 
Previous grant <$—TCLAZ 


AD ;5-ADo en | 
As9/S6-Ai6/S3 
3; 


2,91. COPROCESSOR 


BHE/S?7 (SEE NOTE 1) 


NOTES: 1. THE COPROCESSOR MAY NOT DRIVE THE BUSES OUTSIDE THE REGION 
SHOWN WITHOUT RISKING CONTENTION 


HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 


ome 2 1 CLK CYCLE ~—1 OR 2CYCLES 


\ =—THVCH 


TCLHAV TCLHAV 
Sj 


AD 5-ADo, 
A1g/S6-Ai6/S3, COPROCESSOR 


AD ae ee 
BHE/S7, M/iO, 
DT/A, WA, DEN 
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intel 
M8155 


2048 BIT STATIC MOS RAM WITH I/O PORTS AND TIMER 


MILITARY 
a Military Temperature Range: = 2 Programmable 8 Bit I/O Ports 
—55°C to +125°C # 1 Programmable 6-Bit I/O Port 
= 256 Word x 8 Bits = Programmable 14-Bit Binary 
= Single +5V Power Supply Counter/Timer 
= Completely Static Operation & Multiplexed Address and Data Bus 
m Internal Address Latch = 40 Pin DIP 


The M8155 is a RAM and I/O chip to be used in the MCS-85® microcomputer system. The RAM portion is designed with 2048 
static cells organized as 256 x 8. It has a maximum access time of 400 ns to permit use with no wait states in the 8085A CPU. 


The I/O portion consists of three general purpose I/O ports. One of the three ports can be programmed to be status pins, 
thus allowing the other two ports to operate in handshake mode. 


A 14-bit programmable counter/timer is also included on chip to provide either a square wave or terminal count pulse for 
the CPU system depending on timer mode. 


PC, 
PC, 
es TIMER IN 
63 RESET 

PC. 


TIMER OUT 
10/M 


Ce ——————> CE 


STATIC 


1 

2 
3 
4 
5 
6 
7 
8 
9 


RD 
wR 


RESET —————> AD, 


AD, 
| AD, 
TIMER CLK Vec (*5V) 
AD. 
TIMER OUT Veg (OV) 
AD, 
AD, 


Figure 1. Block Diagram Figure 2. Pin Configuration 
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M8155 


Table 1. Pin Description 


Reset: Pulse provided by the 8085A to 
initialize the system (connect to 8085A 
RESET OUT). Input high on thisjine resets 
the chip and initializes the three I/O ports 
to input mode. The width of RESET pulse 
should typically be two 8085A clock cycle 
times. 


Address/Data: 3-state Address/Data lines 
that interface with the CPU lower 8-bit 
Address/Data Bus. The 8-bit address is 
latched into the address latch inside the 
M8155 on the falling edge of ALE. The 
address can be either for the memory 
section or the I/O section depending on 
the 1O/M input. The 8-bit data is either 
written into the chip or read from the chip, 
depending on the WR or RD input signal. 


Chip Enable: On the M8155, this pin is CE 
and is ACTIVE LOW. 


Read Control: Input low on this line with 
the Chip Enable active enables and 
ADo—7 buffers. If |O/M pin is low, the RAM 
content will be read out to the AD bus. 
Otherwise the content of the selected |/O 
port or command/status registers will be 
read to the AD bus. 


Write Control: Input low on this line with 
the Chip Enable active causes the data on 
the Address/Data bus to be written to the 
RAM or I/O ports and command/status 
register depending on |O/M. 


FUNCTIONAL DESCRIPTION 


The M8155 contains the following: 


e 2k Bit Static RAM organized as 256 x 8 
e Two 8-bit I/O ports :PA & PB: andone6-bit !/Oport: PC: 
e 14-bit timer-counter 


The 1O/M \10/Memory Select: pin selects either the five 
registers ‘Command, Status, PAo--7, PBo-7, PCo-5) or 
the memory (RAM: portion. ‘See Figure 1. 


The 8-bit address on the Address/Data lines, Chip Enable 
input CE or CE, and !O/M are all latched on-chip at the 
falling edge of ALE. 
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| Symbol —_| Type Name and Function 


ALE Address Latch Enable: This control sig- 
nal latches both the address on the 
ADo-7 lines and the state of the Chip 
Enable and IO/M into the chip at the fall- 

ing edge of ALE. 
1O/M I/O Memory: Selects memory if low and 
(Om || re atornendettieregifrs heh 


PAg—7(8) /O | These 8 pins are general purpose 1/O 
pins. The in/out direction is selected by 
programming the command register. 


PBo—7(8) /O | These 8 pins are general purpose |/O 
pins. The in/out direction is selected by 
programming the command register. 


PCo_5(6) /O | These 6 pins can function as either input 
port, output port, or as control signals for 
PA and PB. Programming is done through 
the command register. When PCop_-5 are 
used as control signals, they will provide 
the following: 

PCo—A INTR (Port A Interrupt) 
PC,—ABF (Port A Buffer Full) 
PCo—A STB (Port A Strobe) 
PC3—B INTR (Port B Interrupt) 
PC,4,—B BF (Port B Buffer Full) 
PCs5—B STB (Port B Strobe) 


TERY IN | 1 | Timer Input: input to the counter-timer. _ Timer Input: Input to the counter-timer. 


Timer Output: This output can be either a 
square wave or a pulse depending on the 
timer mode. 


Voltage: +5 volt supply. 
Ground: Ground Reference. 


8-BIT INTERNAL DATA BUS 


COMMAND 


STATUS 


Figure 3. M8155 Internal Registers 
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Programming of the 
Command Register 


The command register consists of eight latches. Four 
bits (0-3) define the mode of the ports, two bits (4-5) 
enable or disable the interrupt from port C when it acts 
as control port, and the last two bits (6-7) are for the timer. 


The command register contents can be altered at any 
time by using the I/O address XXXXX000 during a WRITE 
operation with the Chip Enable active and |O/M = 1. The 
meaning of each bit of the command byte is defined in 
Figure 4. The contents of the command register may never 
be read. 


DEFINES PAg7 
0 = INPUT 


1 = OUTPUT 
DEFINES PBo.7 wy 


00 = ALT 1 
11=ALT 2 
01 = ALT 3 
10 = ALT 4 


DEFINES PCo.5 


ENABLE PORT A 
INTERRUPT 


ENABLE PORT B 
INTERRUPT 


1 = ENABLE 
0 = DISABLE 


NOP — DO NOT AFFECT COUNTER 
OPERATION 


STOP — NOP IF TIMER HAS NOT STARTED; 


STOP COUNTING IF THE TIMER IS 
RUNNING 

STOP AFTER TC — STOP IMMEDIATELY 
AFTER PRESENT TC IS REACHED (NOP 
IF TIMER HAS NOT STARTED) 


START — LOAD MODE AND CNT LENGTH 
AND START IMMEDIATELY AFTER 
LOADING (IF TIMER IS NOT PRESENTLY 
RUNNING). IF TIMER IS RUNNING, START 
THE NEW MODE AND CNT LENGTH 
IMMEDIATELY AFTER PRESENT TC 

1S REACHED. 


TIMER COMMAND 


Figure 4. Command Register Bit Assignment 


Reading the Status Register 


The status register consists of seven latches, one for each 
bit; six (0-5) for the status of the ports and one (6) for the 
status of the timer. 


The status of the timer and the I/O section can be polled by 
reading the Status Register (Address XXXXX000). Status 
word format is shown in Figure 5. Note that you may never 
write to the status register since the command register 
shares the same I/O address and the command register is 
selected when a write to that address is issued. 


AD7 ADg ADs AD, AD3 AD2 AD; ADo 


x INTE] B JINTRIINTE INTR 
» TIM 
ASF Ler] 6 | a ar | ay 


PORT A INTERRUPT REQUEST 


PORT A BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 


PORT A INTERRUPT ENABLE 
PORT B INTERRUPT REQUEST 


PORT B BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 


PORT B INTERRUPT ENABLED 


TIMER INTERRUPT (THIS BIT 
IS LATCHED HIGH WHEN 
TERMINAL COUNT IS 
REACHED, AND IS RESET TO 
LOW UPON READING OF THE 
C/S REGISTER AND BY 
HARDWARE RESET). 


Figure 5. Status Register Bit Assignment 
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Input/Output Section 


The I/O section of the M8155 consists of five registers: 
(See Figure 6.) 


¢ Command/Status Register (C/S) — Both registers are 
assigned the address XXXXX000. The C/S address 
serves the dual purpose. 


When the C/S registers are selected during WRITE 
operation, a command is written into the command 
register. The contents of this register are not accessible 
through the pins. 


When the C/S (XXXXX000) is selected during a READ 
operation, the status information of the I/O ports and 
the timer becomes available on the ADo-7 lines. 


e PA Register — This register can be programmed to be 
either input or output ports depending on the status of 
the contents of the C/S Register. Also depending on 
the command, this port can operate in either the basic 
mode or the strobed mode (See timing diagram). The 
I/O pins assigned in relation to this register are PAo-7. 
The address of this register is XXXXX001. 


e PB Register — This register functions the same as PA 
Register. The I/O pins assigned are PBo-7. The address 
of this register is XXXXX010. 


e PC Register — This register has the address XXXXX011 

and contains only 6 bits. The 6 bits can be program- 
med to be either input ports, output ports or as control 
signals for PA and PB by properly programming the 
AD2 and AD3 bits of the C/S register. 
When PCo-5 is used as a control port, 3 bits are 
assigned for Port A and 3 for Port B. The first bit is an 
interrupt that the M8155 sends out. The second is an 
Output signal indicating whether the buffer is full or 
empty, and the third is an input pin to accept a strobe 
for the strobed input mode. (See Table 1.) 

When the ‘C’ port is programmed to either ALT3 or ALT4, 

the control signals for PAand PB are initialized as follows: 


CONTROL INPUT MODE OUTPUT MODE 


BF Low Low 
INTR High 
STB Input Control 


Low 
Input Control 
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1/O ADDRESSt 


SELECTION 


Interval Command/Status Register 
General Purpose |'O Port A 

General Purpose !/O Port B 

Port C — General Purpose | O or Control 


Low-Order 8 bits of Timer Count 
High 6 bits of Timer Count and 2 bits 
of Timer Mode 


X: Don't Care. _ _ 
+: |/O Address must be qualified by CE = 0 (M8155) and |O/M = 1 in order to select the 
appropriate register. 


Figure 6. I/O Port and Timer Addressing Scheme 


Figure 7 shows how I/O PORTS A and B are structured 
within the M8155: 


ONE BIT OF PORT AOR PORT B 


OUTPUT 


OUTPUT 
ENABLE 


PA/PB 
(4) 
MODE 


INTERNAL DATA BUS 


READ PORT 


NOTES: 

(1) OUTPUT MODE 
(2) SIMPLE INPUT 
(3) STROBED INPUT 


READ PORT = (10/M=1) ¢ (RD=0) e (CE ACTIVE) e (PORT ADDRESS SELECTED) 
WRITE PORT = (10/M=1) ¢ (WR=0) e (CE ACTIVE) ¢ (PORT ADDRESS SELECTED) 


(4) = 1 FOR OUTPUT MODE 
= 0 FOR INPUT MODE 


MULTIPLEXER 
CONTROL 


Figure 7. M8155 Port Functions 
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Table 2. Port Control Assignment 


Input Port 
Input Port 


Output Port 
Output Port 
Output Port 
Output Port 
Output Port 
Output Port 


A INTR (Port A Interrupt) 
A BF ‘Port A Buffer Full) 
A STB ‘Port A Strobe) 
Output Port 
Output Port 
Output Port 


A INTR ‘Port A Interrupt: 
A BF ‘Port A Buffer Full: 
A STB ‘Port A Strobe: 
B INTR :Port B Interrupt: 
B BF (Port B Buffer Full: 
B STB ‘Port B Strobe: 


Input Port 
Input Port 
Input Port 
Input Port 


Note in the diagram that when the I/O ports are pro- 
grammed to be output ports, the contents of the output 
ports can still be read by a READ operation when appro- 
priately addressed. 


The outputs of the M8155 are ‘“glitch-free’” meaning that 
you can write a “1” to a bit position that was previously “1” 
and the level at the output pin will not change. 


Note also that the output latch is cleared when the port 
enters the input mode. The output latch cannot be loaded 
by writing to the port if the port is in the input mode. The 
result is that each time a port mode is changed from input 
to output, the output pins will go low. When the M8155 is 
RESET, the output latches are all cleared and all 3 ports 
enter the input mode. 


When in the ALT 1 or ALT 2 modes, the bits of PORT C 
are structured like the diagram above in the simple input 
or output mode, respectively. 


Reading from an input port with nothing connected to the 
pins will provide unpredictable results. 


Figure 8 shows how the M8155 I/O ports might be con- 
figured in a typical MCS-85 system. 


TO 8085 RST INPUT 


A STB (ACKNOWL. DATA RECEIVED) 
B STB (LOADS PORT B LATCH) 
B BF (SIGNALS BUFFER IS FULL) 


TO/FROM 
PERIPHERAL 
INTERFACE 


TO 8085 INPUT PORT (OPTIONAL) 


TO 8085 RST INPUT 


Figure 8. Example: Command Register = 00111001 
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Timer Section 


The timer is a 14-bit down-counter that counts the TIMER 
IN pulses and provides either a square wave or pulse 
when terminal count (TC) is reached. 


The timer has the I/O address XXXXX100 for the low order 
byte of the register and the I/O address XXXXX101 for the 
high order byte of the register. (See Figure 6). 


To program the timer, the COUNT LENGTH REG is 
loaded first, one byte at a time, by selecting the timer 
addresses. Bits 0-13 of the high order count register will 
specify the length of the next count and bits 14-15 of the 
high order register will specify the timer output mode 
(see Figure 9). The value loaded into the count length 
register can have any value from 2H through 3FFH in Bits 


0-13. 
7 6 5 4 3 2 1 0 
CSN 
Ec all scart caetamatcicngeeaacnennteememteeerecsd 


TIMER MODE 


MSB OF CNT LENGTH 


7 6 5 4 3 2 1 «0 
im [tel tf ef ta] te] | te 
ce desesceecemerelb pape taagee ies anita 


LSB OF CNT LENGTH 


Figure 9. Timer Format 


There are four modes to choose from: M2 and Mi dertine 
the timer mode, as shown in Figure 11. 


TIMER OUT WAVEFORMS: 


START TERMINAL 
COUNT COUNT 


TE mer) 


. SINGLE 
SQUARE WAVE 


. CONTINUOUS 
SQUARE WAVE 


. SINGLE 
PULSE ON 
TERMINAL COUNT 


. CONTINUOUS 
PULSES 


Figure 10. Timer Modes 
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Bits 6-7 (TM2 and TM1) of command register contents 
are used to start and stop the counter. There are four 
commands to choose from: 


TM2 ™4 

0 0 NOP— Donotaffect counter operation. 

0 1 STOP — NOP if timer has not started; 
stop counting if the timer is running. 

1 0 STOP AFTER TC — Stop immediately 
after present TC is reached (NOP if timer 
has not started) 

1 1 START — Load mode and CNT length 


and start immediately after loading (if 
timer is not presently running). If timer 
is running, start the new mode and CNT 
length immediately after present TC is 
reached. 


Note that while the counter is counting, you may load a 
new count and mode into the count length registers. Be- 
fore the new count and mode will be used by the counter, 
you must issue a START command to the counter. This 
applies even though you may only want to change the 
count and use the previous mode. 


In case of an odd-numbered count, the first half-cycle 
of the squarewave output, which is high, is one count 
longer than the second (low) half-cycle, as shown in 
Figure 11. 


NOTE: 5 AND 4 REFER TO THE NUMBER OF CLOCKS IN THAT TIME PERIOD 


Figure 11. Asymmetrical Square-Wave Output 
Resulting from Count of 9 
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The counter in the M8155 is not initialized to any particular 
mode or count when hardware RESET occurs, but RESET 
does stop the counting. Therefore, counting cannot begin 
following RESET until a START command is issued via 
the C/S register. 


Please note that the timer circuit on the M8155 chip is 
designed to be a square-wave timer, not an event counter. 
To achieve this, it counts down by twos twice in 
completing one cycle. Thus, its registers do not contain 
values directly representing the number of TIMER IN 
pulses received. You cannot load an initial value of 1 into 
the count register and cause the timer to operate, as its 
terminal count value is 10 (binary) or 2 (decimal). (For the 
detection of single pulses, it is suggested that one of the 
hardware interrupt pins on the 8085A be used.) After the 
timer has started counting down, the values residing in the 
count registers can be used to calculate the actual number 
of TIMER IN pulses required to complete the timer cycle if 
desired. To obtain the remaining count, perform the 
following operations in order: 


1. Stop the-count 

2. Read in the 16-bit value from the count length registers 
3. Reset the upper two mode bits 
4 


. Reset the carry and rotate right one position all 16 bits 
through carry 


5. If carry is set, add 1/2 of the full original count (1/2 full 
count — 1 if full count is odd). 


Note: If you started with an odd count and you read the 
count length register before the third count pulse occurs, 
you will not be able to discern whether one or two counts 
has occurred. Regardless of this, the M8155 always counts 
out the right number of pulses in generating the TIMER 
OUT waveforms. 
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ABSOLUTE MAXIMUM RATINGS* 


“NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Temperature Under Bias ........... -55°C to +125°C tion of the device at these or any other conditions above 
Storage Temperature ............... -65°C to +150°C those indicated in the operational sections of this 
Voltage on Any Pin specification is not implied. Exposure to absolute maxi- 

With RespecttoGround ............... -0.5V to +7V mum rating conditions for extended periods may affect 
POWGIDISSIPEUGN <sescevnvsceraesessnesesseb es 1.5W device reliability. 


D.C. CHARACTERISTICS (Ta = -55°C to +125°C, Voc = 5V +10%) 


Symbol | Parameter | _—oMin.— | Max. _—|_—Units__—|_—‘Test Conditions 
Output Leakage Current | ~*«Y~SHHO 0.45V < Vour < Vee 


Coe Vec Supply Current 


1;,(CE) | Chip Enable Leakage 
M8155 
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A.C. CHARACTERISTICS (Ta = -55°C to +125°C, Voc = 5V +10%) 


Parameter 
Address to Latch Set Up Time 
LA Address Hold Time after Latch 
tic Latch to READ/WRITE Control 
Valid Data Out Delay from READ Control 
Address Stable to Data Out Valid 
Latch Enable Width 
Data Bus Float After READ 
READ/WRITE Control to Latch Enable 
READ/WRITE Control Width 
Data In to WRITE Set Up Time 
Data In Hold Time After WRITE 


L 


-- 


- 


try Recovery Time Between Controls 
WRITE to Port Output 

Port Input Setup Time 

Port Input Hold Time 

Strobe to Buffer Full 

Strobe Width 

READ to Buffer Empty 

Strobe to INTR On 

READ to INTR Off 

Port Setup Time to Strobe Strobe 
Port Hold Time After Strobe 
Strobe to Buffer Empty 

WRITE to Buffer Full 

WRITE to INTR Off 

TIMER-IN to TIMER-OUT Low 
TIMER-IN to TIMER-OUT High 
Data Bus Enable from READ Control 


TIMER-IN Low Time 
TIMER-IN High Time 


A.C. TESTING LOAD CIRCUIT 


DEVICE 
UNDER 
0 TEST 


C, = 150 pF 


8 
0.45 


Cy = 150 pF 
A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC “1” near rei Rrra 


AND 0.8V FOR A LOGIC “0.” 
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WAVEFORMS 


ce} 


ta, ——»| <+— tia —— 


=, 


GZ 1% 
Xs rooness = KX 


ja———— te, 
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WAVEFORMS (Continued) 
STROBED INPUT MODE 


BF 


INPUT DATA 
FROM PORT 


STROBE 


OUTPUT DATA 
TO PORT 


AFN-00781A 
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WAVEFORMS (Continued) 
BASIC INPUT MODE 


INPUT 


BASIC OUTPUT MODE 


DATA BUS* 


OUTPUT 


*DATA BUS TIMING IS SHOWN IN FIGURE 7. 


\ 
\ 


TIMER OUTPUT 


RELOAD COUNTER FROM CLR ——® 


LOAD COUNTER FROM CLR 
| 2 | 1 


| 2 | 1 


TIMER IN 


TIMER OUT 


\ / 
ee ee ee oe J 


TIMER OUT \ / 
(SQUARE WAVE) \ (NOTE 1) / 


(ee me ms oe ow om ow om oe ad 


NOTE 1: THE TIMER OUTPUT IS PERIODIC IF IN AN AUTOMATIC 
RELOAD MODE (M, MODE BIT = 1) 


AFN-00781A 
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( PRELIMINARY 


M8185* 
1024 x 8-BIT STATIC RAM FOR MCS-85® 


*Compatible with 8085A. 


MILITARY 
® Multiplexed Address and Data Bus = Low Standby Power Dissipation 
= Directly Compatible with 8085A = Single +5V Supply 


and 8088 Microprocessors ; ; 
= High Density 18-Pin Package 


= Low Operating Power Dissipation = Military Temperature Range: 


—55° C to +125° C 


The Intel® M8185 is an 8192-bit static random access memory (RAM) organized as 1024 words by 8-bits using N-channel 
Silicon-Gate MOS technology. The multiplexed address and data bus allows the 8185 to interface directly to the 8085A and 
8088 microprocessors to provide a maximum level of system integration. 


The low standby power dissipation minimizes system power requirements when the 8185 is disabled. 


ADg-AD7 


BUFFER 


ADDRESS 
LATCH 


Figure 1. Block Diagram Figure 2. Pin Configuration 


MEMORY 
ARRAY 


X-Y DECODE 


ADDRESS/DATA LINES 


ADDRESS LINES 
CHIPSELECT =| 

CHIP ENABLE (10/M) 

CHIP ENABLE 

ADDRESS LATCH ENABLE 
READ ENABLE 

WRITE ENABLE 
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FUNCTIONAL DESCRIPTION 


The 8185 has been designed to provide for direct interface 
to the multiplexed bus structure and bus timing of the 
8085A microprocessor. 


At the beginning of an 8185 memory access cycle, the 8- 
bit address on ADo-7, Ag and Ag, and the status of CE1 and 
CE2 areall latched internally in the 8185 by the falling edge 
of ALE. If the latched status of both CE1 and CEz2 are 
active, the 8185 powers itself up, but no action occurs until 
the CS line goes low and the appropriate RD or WR control 
signal input is activated. 


The CS input is not latched by the 8185 in order to allow 
the maximum amount of time for address decoding in 
selecting the 8185 chip. Maximum power consumption 
savings will occur, however, only when CE; and CE2 are 
activated selectively to power down the 8185 when it is not 
in use. A possible connection would be to wire the 8085A's 
10/M line to the 8185’s CE; input, thereby keeping the 
8185 powered down during |/O and interrupt cycles. 


Table 1. Truth Table for Power Down and Function 


Enable 
(ee, ce, [65 [CS] ates Status 
Rime 
ott 


X X Power Down and 
Function Disable(1]| 
Power Down and 
Function Disable|1}| 
Powered Up and 
Function Disable{1| 


Powered Up and 
Enabled 


NOTES: 


X: Don’t Care. 

1: Function Disable implies Data Bus in high impedance state 
and not writing. 

2: CS* = (CE1 = 0) « (CE2 = 1) « (CS = 0) 
CS* = 1 signifies all chip enables and chip select active 


Table 2. Truth Table for Control and Data Bus Pin 
Status 


AD .7 During Data 
Portion of Cycle 


8185 Function 


TTT [oata to Memory were 


1 1 1 |Hi-lmpedance Reading, but not 
Driving Data Bus 


Figure 3. 8185 in an MCS-85 System 


4 Chips: 
2K Bytes ROM 
1.25K Bytes RAM 


38 |/O Lines 
NOTE: 1 Counter/Timer 
X: Don’t Care. 2 Serial I/O Lines 


5 Interrupt Inputs 
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ABSOLUTE MAXIMUM RATINGS* NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Temperature Under Bias ........... -—55°C to +125°C tion of the device at these or any other conditions above 
Storage Temperature .............. -65°C to +150°C those indicated in the operational sections of this 
Voltage on Any Pin specification is not implied. Exposure to absolute maxi- 

with Respect to Ground .............. -0.5V to +7V mum rating conditions for extended periods may affect 
Power DIGS PANON «iccsescnarevest svancie vances 1.5W device reliability. 


D.C. CHARACTERISTICS (Ta = —55°C to +125°C, Vec=5V +10%) 


[—Symboi [Parameter ——~«| Win. ~~ Max. [ Unite | Test Conditions 
vn | input towvorage Sid spe 

[vin | InputHigh Vortage ——=—Ss«dt=Ci | ecto | | 
[Vor | Outputtow vortage iii gem 
[Vor | OutputHigh Vottage i aid A 
[input teakage SiC Vo 
2 sytogeam ese ae 


Powered Up 


Powered Down 


A.C. CHARACTERISTICS (tT, = —55°C to +125°C, Veg =5V +10%) 


8185 
a ee i 
Parameter! "! 


a eo Se Se 
[tin Adress Hold Time fterLatn—i«Y So Cds 
tue | Latch to READIWRITE Control =i 00] dt 
[tap | Valid Data Out Delay from READ Gontiol | ———S«dY 7d Sns 
[ip ALE to Data Outvaig Sd 
Ty Latch Enable with it 
[tao | Data Bus Float afterReAD——SC~=~“~*‘~dtCS*~‘iC*‘*rtSC<‘aS 
[tet READWRITE Control to Latch Enable [20 
[tog | READWRITE Control width SSCs 
tow [Data in to Write Setup Time Si to 
[two | Data in Hold Time atterwaiTe ——~—S—«S Sid 
[te | Chip Select Set Up to Controiine «| 0) SSC*dns 
[tos [Chip Select Hold Time after Controd ‘| 10—~4) Sid 
[tase [Chip Enable Set Upto ALE Falling [90 -| —~«dY—Sns 
[tice | Ghip Enable Hold Time afteraLE [0 Sd 


NOTES: 

1. All A.C. parameters are referenced at 
a) 2.4V and .45V for inputs 
b) 2.0V and .8V for outputs. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


DEVICE 
UNDER 
TEST 


| > rest poms <7 


0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1" AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" 


CL = 150 pF 
AND 0.8V FOR A LOGIC "0." 


C, INCLUDES JIG CAPACITANCE 


WAVEFORMS 


tc 


tLp ——————> 


tpw ———> 


tsc ones — +! tcs 


(SELECTED) (DESELECTED) 
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8-BIT INPUT/OUTPUT PORT 


MILITARY 

i Fully Parallel 8-Bit Data Register and @ 3.4V Output High Voltage for Direct 
Buffer Interface to M8080A CPU 

@ Service Request Flip-Flop for Interrupt m= Asynchronous Register Clear 
Generation = Replaces Buffers, Latches, and Multi- 

@ Low Input Load Current 0.25mA Max plexers in Microcomputer Systems 

@ 3-State Outputs m Reduces System Package Count 

@ Military Temperature Range = +10% Power Supply Tolerance 
“55°C to +125°C m 24-Pin Dual In-Line Package 


The Intel® M8212/M3212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and 
device selection logic. Also included is a service request flip-flop for the generation and control of interrupts to the 
microprocessor. 


The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the 
principal peripheral and input/output functions of a microcomputer system can be implemented with this device. 


“Note: The specifications for the M3212 are identical with those for the M8212. 


SERVICE REQUEST FF 


DEVICE SELECTION pv +, 
om H— =F, mo 
[73> ps2 iP 7 i (ACTIVE LOW) 


(2> wp - wR 
om f 
| 
| 


> oy, 3 pee S “do, [> 
DATA LATCH |) | 


[E> dig —_—- } Da a ns DO2 [6 > 
reed | 
U> ls iy fy : DO3 
CR 
: | 
[B> Dl a fx + DO, 
O's ire ; DOs [s> 
(18> dig iS ) D0, [> — DATA IN 
| sal|} | DS; -DS2 
mt ETE | DO7 
CR 
B2> dig | ie DOg > 
4 
been (ACTIVE = , 


eet Sees eee ee, Se Ge 


Figure 1. Logic Diagram Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ........ —55°C to +125°C “NOTICE: Stresses above those listed under “Absolute 

o ° Maximum Ratings” may cause permanent damage to the 
Storage Temperature .......... —65'C to +160°C device. This is a stess rating only and functional operation 
All Output or Supply Voltages ....—O0.5to+7 Volts of the device at these or any other conditions above those 
All Input Voltages —1.0 to 5.5 Volts indicated in the operational sections of this specification 


is not implied. Exposure to absolute maximum rating con- 
Output Curent on cess ceca eee mes eee ees 100 mA ___ ditions for extended periods may affect device reliability. 


D.C. CHARACTERISTICS (Ta, = —55°C to +125°C, Veg = +5V +10%) 


Input Load Current Ve = .45V 
STB, DS2, CR, Dli-Dlg Inputs 

Input Load Current 

MD Input 

Input Load Current 

DS, Input 


Input Leakage Current 
STB, DS, CR, Dli-Dls Inputs 


Input Leakage Current 
MD Input 


Plans fT 

DS, Input 

Ve | Input Forward Vottage Clamp | | 

Input ‘‘Low”’ Voltage Pe 

Input “High” Voltage 

Output “Low” Voltage 

Von Output “‘High” Voltage 

le | Shor Sreut Output Covent [ 16 
Output Leakage Current Vo = .45V to Vec 

heer | ao 


Ico Power Supply Current 


CAPACITANCE (F = 1 M#z, Vaias = 2-5V, Voc = + 5V, Ta = 25°C) 


tons | LIMITS 


DS, MD Input Capacitance 15 pF 

Cin DS,,CLR, STB, DI,-DIl, 5 pF 10 pF 
Input Capacitance 

DO,-DO, Output Capacitance | 8 pF | 15 pF 


Conditions of Test 

Input Pulse Amplitude = 2.5V 

Input Rise and Fall Times: 5 ns between 1V and 2V 
Measurements made at 1.5V 
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A.C. CHARACTERISTICS (Ta, = —55°C to +125°C, Veg = +5V +10%) 


Max. 
few [Pew wT 
feo [Oaatoouraoeey | | tm |e 
we [We Enel ToCuisioey| =| m0 ms NET 
iser_[Oauseuntie | | | 
fu [onetowtine | 0 | i» |S 
ia__[ReseToouputdeay | «| ms |e 
ts__[SeToouremy [+t fm | ere 
te | OuputEroerDiabeTine |_| 50 | w | never = mor 
fc [SeerTooupuroay | || [w= | ews 


NOTE 1: 


tep, twe. tr. ts, tc 
te, ENABLET 


te, ENABLE 
te, DISABLE 
te, DISABLE 


A.C. TESTING LOAD CIRCUIT 


DEVICE 
UNDER 


TEST 
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WAVEFORMS 


STB or OS, ¢ DS, 1.5V # \ 1.5V 


Wwe ae 


fsa 


OuTPUT 1.5V 


DATA 


STB or OS, * OS, 


OUTPUT 


STB 


| os, e DS> 


2| 
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TYPICAL CHARACTERISTICS 


INPUT CURRENT VS. INPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT “LOW” VOLTAGE 


: t 
E 2 
z i 
5 3 
5 2 
2 5 

(o) 

INPUT VOLTAGE (V) OUTPUT LOW” VOLTAGE (V) 
OUTPUT CURRENT VS. DATA TO OUTPUT DELAY 
OUTPUT “HIGH” VOLTAGE VS. LOAD CAPACITANCE 

2 : 
= : 
5 a 
rs = 
ea a 
=) ha 
oO = 
= (e) 
z 2 
. z 
° q 

{a} 

OUTPUT “HIGH VOLTAGE (V) LOAD CAPACITANCE (pF) 
DATA TO OUTPUT DELAY WRITE ENABLE TO OUTPUT DELAY 
VS. TEMPERATURE VS. TEMPERATURE 

- 
: $ 
> Oo 
5 : 
5 2 
5 e 
° w 
° a 
A $ 
< = 

= 

Cc 

= 


TEMPERATURE ( C) TEMPERATURE ( C) 
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in 
M8214 


PRIORITY INTERRUPT CONTROL UNIT 
MILITARY 


a 8 Priority Levels w 24-Pin Dual In-Line Package 


we Fully Expandable = Military Temperature Range: 


= Current Status Register —55°C to +125°C 


a Priority Comparator a +10% Power Supply Tolerance 


The Intel® M8214 is an 8-level priority interrupt control unit (PICU) designed to simplify interrupt-driven microcom- 
puter systems. 


The PICU can accept 8 requesting levels; determine the highest priority, compare this priority to a software controlled 
current status register and issue and interrupt to the system along with vector information to identify the service 
routine. 


The M8214 is fully expandable by the use of open collector interrupt output vector information. Control signals are 
also provided to simplify this function. 


The PICU is designed to support a wide variety of vectored interrupt structures and reduce package count in interrupt- 
driven microcomputer systems. 


(it> EUR 
(13> ETLG Vee 
REQUEST ACTIVITY — 
[15> Ro ECS 
ome -_ COLLECTOR) _ 
R 
1 R 
UEST — ? 
7>  R, LATCH Ao _ 
= AND 
R,—a — 6 
3 PRIORITY A, [9> 
R, —o] ENCODER x 207) R. 
Re 2 mae’ a” 
R. 19 R 
Bt> Re ENLG[ia> Ld 
[22> R, (OPEN , ; = 
COLLECTOR) 3 
_ Doe Int [5 > R, 
C> 8 ee 
22> 28, R, 
[3> 6, 7 
0 
{(4> SGSs PRIORITY 
sens COMPARATOR 
(23> ECS ENLG 
~ | | 7 
Sq 
— REQUEST LEVELS (R7 HIGHEST PRIORITY) 
CURRENT STATUS 
STATUS GROUP SELECT 
(7> INTE ENABLE CURRENT STATUS 
_ INTERRUPT ENABLE 
(6> CLK CLK CLOCK (INT F-F) 
ELA ENABLE LEVEL READ 
ENABLE THIS LEVEL GROUP 
REQUEST LEVELS i OPEN 
INTERRUPT (ACT. LOW) COLLECTOR 
ENABLE NEXT LEVEL GROUP 
Figure 1. Logic Diagram Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under “Absolute 


Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


e ° ° 
Temperature Under Bias .......... 55 a to +1 25 °C tion of the device at these or any other conditions above 
Storage Temperature ............ 65°C to+160°C those indicated in the operational sections of this speci- 
All Output and Supply Voltages........ —0.5V to+7V fication is not implied. Exposure to absolute maximum 
All Input Voltages .............05. —1.0V to +5.5V rating conditions for extended periods may affect device 
Output Currents .....0 ccc ecw cenwwnves 100 mA reliability. 


D.C. CHARACTERISTICS (T, = 55°C to 125°C, Voc = 5V +10%) 


root | me ame 


Input Forward Current: ETLG input Ve=0.45V 
all other inputs 

Input Reverse Current: ETLG input fn VR=5.5V 
all other inputs 


He Input HIGH Voltage: all inputs ee 
Tet [Powe Suey Gren || wT Seno 
Vor [Output Low Votes: aewtows | | | CV | Onto 
Output HIGH Voltage: © ENLG output 24 1 30 | | Vv | lone-ImMA 
Flos | Short Circuit Output Current: ENLG output --15 | -35 | -55 | mA | Vec=5.0V 


Output Leakage Current: INT, Ao, Ai, An) | | 100 | wA VCEx=5.5V 


Limits 


CAPACITANCE (Vaiss = 2.5V, Vcc = 5V, Ta = 25°C, f = 1 MHz) 


| Limits 
Output Capacitance Except ENLG (Pin 14) | 
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A.C. CHARACTERISTICS (T, = —55°C to +125°C, Voc = +5V +10%) 


ter | RGeetime —SSSCSCSC~—SS | 
a _ La 
ae 


INTE Setup Time to CLK 


| tis «| INTE Hold Time after CLK a 
Taerewl”[“€TUG Hot Tine Ate Eo 
eeces@®! | ECS Seup Tine w OUR asa oe 
ECS Hold Time After CLK 0 ons | 
ECS —— Time to CLK 110 | 70 | [ons | 
tecss|2! ECS a Time to CLK 88 | 70 | | ons 
Ttecail ECS Hod Tire afr OR 
Toes S65 ant -8j Sep Tine @ UR oe 
ogni | S68 ad f-8y Hold Tine Aft OR 8 
ince | Ro Ry Seu Tine w OUR oo 
noi | Ra RG Wald Tine tw HR 
tes [INT Seip Tine Oe 
a a Ce 
Tine | Ro Ry Wold Tine Afr NF as 0 
Cite [Fete Pesoroag 
Sc 
Teen [FB wAp A Popnton Baby ge 
tera | ETLG to gy Proppnion Dey as 0 
ioees | SiS nd Bg Soup Tire w ES] 0) 
ns 


Ro-R7 to ENLG Propagation Delay 42 
ETLG to ENLG a Delay =e 


we 


NOTES: 
1, Typical values are for Ta = 25°C, Vcc = 5.0V. 
2. Bo-B2, SGS, CLK, Ro-R4 grounded, all other inputs and all outputs open. 
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M8216/M8226 
4-BIT PARALLEL BIDIRECTIONAL BUS DRIVER 
MILITARY 


= Data Bus Buffer Driver for 8080 CPU @ 3.40V Output High Voltage for Direct 


Interface to 8080 CPU 
@ Low Input Load Current: 0.25mA 


Maximum @ 3-State Outputs 

@ High Output Drive Capability for a Military Temperature Range: 
Driving System Data Bus —55°C to +125°C 

@ 16-Pin Dual In-Line Package m@ +10% Power Supply Tolerance 


The M8216/M8226 is a 4-bit bidirectional bus driver/receiver. All inputs are low power TTL compatible. For driving MOS, 
the DO outputs provide a high 3.40V Von, and for high capacitance terminated bus structures, the DB outputs provide a 
high 50 mA lot capability. A non-inverting (M8216) and an inverting (M8226) are available to meet a wide variety of 
applications for buffering in microcomputer systems. 


M8216 M8226 


DI, Dl 
DO, ¢ DO, 0 
DI, DI, 
DATA BUS 
DO, DO,0 BI-DIRECTIONAL 
DATA IN ENABLE 
DIRECTION CONTROL 
| cS cuipsevect 
DIEN OC DIEN O 
Figure 2. Pin 
Figure 1. Logic Diagrams Configuration 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under “Absolute 

Maximum Ratings” may cause permanent damage to the 
Temperature Under Bias ............ —55°C to +125°C device. This is a stress rating only and functional opera- 
Storage Temperature ............. ~65°C to +160°C of the sere, at — or any ei conditions oe 

those indicated in the operational sections of this 
Al Dutpatend'Sipply Voltages «3s <n x + Gisele specification is not implied. Exposure to absolute maxi- 
All Input Voltages 22 fee ee ee a ee —1.0V to +5.5V mum rating conditions for extended periods may affect 
Output Currents ................0.0000- 125 mA device reliability. 


D.C. CHARACTERISTICS (Ta = —55°C to +125°C, eee = +5V +10%) 


dir eascas ll 


ee 
ira Finput Lee Curent Al Or pa 
[in| input Leakage Current BIEN, CS 
ire | input Leakage Current DI Inputs 
[Ve | input Forward Voltage Giamp 
i 
“ue 
ca 
Tes 
ee 


<s Conditions 
-5 Vr = 0.45 
-.26 


i<e) 
nn 


no a 
o No 


ere rae 
Lt 
aber 
Ee 
oe 
ae 
Li a 
Input “Low” Voltage M8226 hae | 
e | 
a 
mi 
— 


Input “High” Voltage 


Output Leakage Current 
(3-State) 


Power Supply Current M8216 
Power Supply Current M8226 


Output “Low” Voltage 


V DO Outputs lo. = 15mA 
DB Outputs lot = 25mA 
Output “Low” Voltage | ww DB Outputs lo. = 45mA 
| Von | Output “High” Voltage a DO Outputs IOoH = -.5mA 


VOH2 Output “High” Voltage 2.4 3.0 DO Outputs IoH = -2mA 
DB Outputs IoH = -5.0mA 

Output Short Circuit Current -15 -35 -65 mA | DO Outputs Vcc = 5.0V 

-30 -75 -120 mA | DB Outputs Vcc = 5.0V 


NOTE: Typical values are for Ta = 25°C, Vcc = 5.0V. 


CAPACITANCE (Vpias = 2.5V, Vcc = 5.0V, Ta = 25°C, f = 1 MHz) 


P Cin Input Capacitance rae 
Output Capacitance DO Outputs —— 


Output Capacitance DB Outputs 


Conditions of Test 

Input Pulse Amplitude = 2.5V 

Input Rise and Fall Times: 5 ns between 1V and 2V 
Measurements made at 1.5V 
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A.C. CHARACTERISTICS (Ta, = —55°C to +125°C, Voc = +5V +10%) 


Limits 
i ieaaal Parameter — Typ. (1 IN eee Conditions 


input to Output Delay DO Outputs pss [es [ne [wore 


Tpp2 Input to Output Delay DB Outputs 
M8216 (NOTE 2) 
Tpp2 Input to Output Delay DB Outputs 
ao (NOTE rc 


| Te | Output Enable Time M8216 Enable Time M8216 (NOTE }(NOTE2) sd 
) 


[to | Output Disab Tine wazie | | te | a0 [8 [nore 
[To | Output Disable Time mazze | ‘| 16 | 38 | ns [\NOTES) 


NOTES: A.C. TESTING LOAD CIRCUIT 


1. Typical values are for Ta = 25°C, Vcc = 5.0V. 
z 


DEVICE 
UNDER 
TEST 


_ ENABLE?) 
, ENABLE}) | 
ENABLE?) | 


, ENABLEJ) 


DISABLE?) | 
_ DISABLE) 
, DISABLE?) | 


, DISABLE}) C, INCLUDES JIG CAPACITANCE 


WAVEFORMS 


INPUTS 1.5V 


OUTPUT 
ENABLE 


OUTPUTS 15V | 
———— | 
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M8224 


CLOCK GENERATOR AND DRIVER 
For 8080A CPU. 


MILITARY 


= Single Chip Clock Generatoz/Driver for 
M8080A CPU 


= Power-Up Reset for CPU 
mw Ready Synchronizing Flip-Flop 
= Advanced Status Strobe 


a Military Temperature Range: 
—55°C to + 100°C 


a Oscillator Output for External System 
Timing 


a Crystal Controlled for Stable System 
Operation 


= Reduces System Package Count 


= +10% Power Supply Tolerance 


The Intel® M8224 is a single chip clock generator/driver for the M8080A CPU. It is controlled by a crystal, selectea py 
the designer to meet a variety of system speed requirements. 


Also included are circuits to provide power-up reset, advance status trobe, and synchronization of ready. 


The M8224 provides the designer with a significant reduction of packages used to generate clocks and timing for 


M8080A. 
XTAL1 

OSCILLATOR osc [12> 
XTAL2 
fi3> TANK 

°1 [> 

"2 

o,(TTLI[6 > 

[5> sync ststs [7 > 
[2> RESIN 

SCHMITT 
INPUT RESET [1 > 
[3>> RDYIN READY [4 > 


Figure 1. Block Diagram 


RESET[ }1 16 | Vcc 


15] | XTAL1 


RESIN[ 92 
RDYIN[ 43 14 | XTAL2 
READY[ }4 
SYNC{ [5 
o,(TTL)| 6 
ststB[ 47 


GND| |8 


[ RESIN | RESETINPUT | [ xtTar1 | | CONNECTIONS 

RESET | RESET OUTPUT XTAL2 || FOR CRYSTAL | 
|_RDYIN | READY INPUT TANK | _USED WITH OVERTONE XTAL 
| READY | READY OUTPUT |__Osc | __ OSCILLATOR OUTPUT 

SYNC SYNC INPUT O2(TTL) | 9 CLK (TTL LEVEL) 
syste | statussta. | ‘| Nice | +5v 
L (ACTIVE LOW) [ Vop +12V | 

8080 GND OV 
oe 


Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 


“NOTICE: Stresses above those listed under ‘‘Absolute 
Maximum Ratings’’ may cause permanent damage to the 


° ° ° 
Temperature Under Bias . oi... ++» 705°C Ay ae device. This is a stress rating only and functional opera- 
Storage Temperature ............ “65 Cto 150 C tion of the device at these or any other conditions above 
Supply Voltage, Vcc -.-.---+----- -0.5V to +7V those indicated in the operational sections of this specifi- 
Supply Voltage, Vpp ...---..+--- -0.5V to +13.5V cation is not implied. Exposure to absolute maximum 
WipUt VONGGG onic ss ee ee eddie ee -1.0V to +7V rating conditions for extended periods may affect device 
CUNBUT OOMONE ssi 4 4 ow ote eneed Keene es 100mA reliability. 


D.C. CHARACTERISTICS (Ty = —55°C to 125°C, Voc = +5.0V +10%, Vpp = +12V +10%) 


he igaieteeetaang eo 
es 
[ve | Input Forvrd Glamp Vane | 

V 

V 

V 


Vib Input “Low” Voltage Le Vec = 5.0V 
Vin Input ‘High’ Voltage RESIN 
2.0 


All Other Inputs 


fe 
ee 


lo. = 10mA 


Output “Low” Voltage OSC, 
~2 (TTL) 


All Other Outputs 


lot = 2.5mA 


Output “High” Voltage 
o1 ,¢2 

READY, RESET 

OSC, 62 (TTL), STSTB 


Output Short Circuit Current 
(All Low Voltage Outputs Only) 


lon = -100uA 
loH = -100uA 
loo =-ImA 


Crystal Requirements 


Tolerance: .005% at -55°C to 125°C 
Resonance: Series (Fundamental) * 
Load Capacitance: 20-35pF 
Equivalent Resistance: 75-20 ohms 
Power Dissipation (Min): 4mW 


*With tank circuit use 3rd overtone mode. 
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smas 
Conditions 


$1 to 2 Delay 


1 and $2 Rise Time 


$1 and $5 Fall Time aa 
oy 


$2 to d> (TTL) Delay 


2 to STSTB Delay 


STSTB Pulse Width im 
RDYIN Setup Time to BOns - 4tey 

Status Strobe 

RDYIN Hold Time ay 

After STSTB 


READY or RESET to a _ 25ns 
$2 Delay 


Maximum Oscillating 
Fmax Frequency 


golT L,CL= 30pF 
Ry =30022 
R2=6002 


STSTB,CL=15pF 
R; = 2K 
Ro = 4K 


ce 
\8 
ele 
io) 
se 
n” 


CL=10pF 
R,=2K 


Vec=+5.0V 

Vpp=+12V 

Veias=2.5V 
f=1MHz 


Input Capacitance 
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Example: 


A.C. CHARACTERISTICS (For tcy = 488.28 ns) 
(Ta = —55°C to 125°C, Voc = +5.0V +10%, Vpp = +12V +10%) 


ee | Senate 
326 
+15 


$, Pulse Width tcy =488.28ns 
C, INCLUDES JIG CAPACITANCE 


Limits 
Fr 


< 


z 


| toe 

Delay ¢; to dm Leading Edges 109 
2 Output Rise Time 
z 


RDYIN SetupTimetoSTSTB | -167 
RDYIN Hold TimeafterSTSTB | 217 


tor READY or RESET 
to $2 Delay 


A.C. TESTING LOAD CIRCUIT 


$; & @2 Loaded to 
C, =20 to 50pF 


=" 
> 
ie) 


Ready & Reset Loaded 
to 2mA/10pF 

All measurements 
referenced to 1.5V 
unless specified 
otherwise. 


DEVICE 


UNDER 
TEST 
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WAVEFORMS 


O2(TTL) 


SYNC 


(FROM 8080A) 
fies fe cirri toss——_—_—__—_——_- —> iw 
STSTB 
tors 
torH —_—> 
RDYIN 
1505) 2) | | ae) 6 a 
— tor ———— 


READY OUT 


RESET OUT uf 
= 3.0V. 


VOLTAGE MEASUREMENT POINTS: $4, $2 Logic 0” = 1.0V, Logic 1" = 7.0V. READY, RESET Logic 0” = 0.8V, Logic '’1”’ 


All other signals measured at 1.5V. 
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intel 
M8228 


SYSTEM CONTROLLER AND BUS DRIVER 
FOR M8080A CPU 


MILITARY 
= Single Chip System Control for « User Selected Single Level Interrupt 
MCS-80® Systems Vector (RST 7) 
= Built-In Bidirectional Bus Driver for = 28-Pin Dual In-Line Package 
Data Bus Isolation = Reduces System Package Count 


= Allows the Use of Multiple Byte ’ Military Temperature Range: 
Instructions (e.g. CALL) for Interrupt —55°C to +125°C 
Acknowledge = +10% Power Supply Tolerance 


The Intel® M8228 is a single chip system controller and bus driver for MCS-80®. It generates all signals required to directly 
interface MCS-80 family RAM, ROM, and I/O components. 


A bidirectional bus driver is included to provide high system TTL fan-out. It also provides isolation of the 8080 data bus 
from memory and I/O. This allows for the optimization of control signals, enabling the systems designer to use slower 
memory and I/O. The isolation of the bus driver also provides for enhanced system noise immunity. 


A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small system re- 
quirements. The M8228 also generates the correct control signals to allow the use of multiple byte instructions (e.g., 
CALL) in response to an interrupt acknowledge by the M8080A. This feature permits large, interrupt driven systems to 
have an unlimited number of interrupt levels. 


The M8228 is designed to support a wide variety of system bus structures and also reduce system package count for 
cost effective, reliable, design of the MCS-80 systems. 


CPU 
DATA 
4 

BUS D 


BI-DIRECTIONAL 
BUS DRIVER 


SYSTEM DATA BUS 


|} gating P 


ARRAY 


STSTB 
DBIN 


WR 
HLDA 


DATA BUS (8080 SIDE) 


DATA BUS (SYSTEM SIDE) 


INTERRUPT ACKNOWLEDGE 
Figure 1. Block Diagram |“ 1io READ 


| HLDA (FROM 8080) 
WR (FROM 8080) 
BUS ENABLE INPUT 
STATUS STROBE (FROM 8224) 
+5V 

| ovo.tts  — 


__VO WRITE 

_ MEMORY READ 

__ MEMORY WRITE 
DBIN (FROM 8080) 


Figure 2. Pin Configuration 
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M8080A 
CPU 


DATA BUS 


(FROM 8224) STATUS STROBE CONTROL BUS 


BUSEN 


TYPE OF MACHINE CYCLE 


4 
£0 Ge 
Ge 


Ky, 


L 
o/e/¥ 
we / Sy 
L 

z 

& 


AC 
y} (fy 
Vr. ie ‘No 
!? 


(N) STATUS WORD 


ele|etleF|-lee 
ele|-lelele/-|-© 
-eeeFeEPe 
elt e eet 


INTA 

(NONE) 

INTA 

1/0 W 

I/O R CONTROL 
MEMW| SIGNALS 
MEM R 

MEM W 

MEM R 

MEM R 


Figure 4. Status Word Chart 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under “Absolute 

Maximum Ratings” may cause permanent damage to the 
Temperature Under Bias........... -55°C to 125°C device. This is a stress rating only and functional opera- 
Storage Temperature ............. -65°C to 150°C tion of the device at these or any other conditions above 

those indicated in the operational sections of this specifi- 
URE PON EE seo wags ea 04e ke cichallieibelbel cation is not implied. Exposure to absolute maximum 
Input Voltage ....- 1... . eee eee -1.0V to +7V rating conditions for extended periods may affect device 
Orthot GuirGik saa cs caw eed ee RE WH wis 100mA reliability. 


D.C. CHARACTERISTICS (Tq = -55°C to 125°C, Veg = 5V +10%)!? 


ae Parameter Test Conditions 


Input Clamp Voltage, All Inputs lc =-5mA 
C 


Input Load Current, 
STSTB 


(0, 0.04,05.07 —+| | 260 | a 
Tailorner inputs ————SS«Y S80] 


Input Leakage Current 
DBo - D7 = Vr =5.5V 


vm Input Threshold Voltage, All Inputs oe 


a 

mA 
ae Low Voltage, 

—— 


VoH Output High Voltage, 
Do - D7 3.3 V lon =-10uA 


lo (Off) Off State Output Current, 
All Controls Outputs yA Vo = 5.5V 
ia 
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CAPACITANCE (vpias = 2.5V. Voc = 5.0V, Ta = 25°C, f = 1 MHz) 


Symbol Parameter | Min. Typ.!1] Max. | 


Output Capacitance 


(D or DB) 


This parameter is periodically sampled and not 100% tested. 


A.C. CHARACTERISTICS (Tg = —55°C to 125°C, Voc = 5V +10%) 


tpw 


tss Setup Time, Status Inputs Dg-D7 


Hold Time, Status Inputs Dg-D7 


Width of Status Strobe 


_ 


CL a 100pF 


tSH 


Delay from STSTB to any Control Signal 


R Delay from DBIN to Control Outputs 


Delay from WR to Control Outputs 

Delay from 8080 Bus Dg-D7 to System Bus 
DBy-DB7 during Write 
Delay from System Bus Enable to System Bus DBg-DB7 
HLDA to Read Status Outputs 
Setup Time, System Bus Inputs to HLDA 


tRE 
tRD 
twR 

WE 
two 


Hilo] si 


L = 100pF 
= 100pF 


a 


Hold Time, System Bus Inputs to HLDA 


‘NOTES: 
1. Typical values are tor T, = 25°C and nominal supply voltages. 
2. For Do-D7: Ry = 4KQ, Ro = &f, C, = 25 pF. For all other outputs: Ry = 5000, Ro = 1K, C, = 100 pF. 


A.C. TESTING LOAD CIRCUIT 


1KQ +10% 


DEVICE 
UNDER 
TEST 


C, INCLUDES JIG CAPACITANCE 


INTA Test Circuit (for RST 7) 
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WAVEFORMS 


STATUS STROBE 


8080 DATA BUS 


INTA, IOR, 


INTA, IOR, 
DURING HLDA 
SYSTEM BUS DURING READ 
8080 BUS DURING READ 
WR 
lIOW OR MEM W 


8080 BUS DURING WRITE 


SYSTEM BUS DURING WRITE 


SYSTEM BUS ENABLE 


SYSTEM BUS OUTPUTS 


VOLTAGE MEASUREMENT POINTS: Do-D7 (when outputs) Logic “0” = 0.8V, Logic ‘1’ = 3.0V. All other signals measured 
at 1.5V. 
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M8243 
MCS-48® INPUT/OUTPUT EXPANDER 
m@ -55°C to 125°C Military Temp. = Screened to MIL-STD-883B 
@ Low Cost @ 24-Pin DIP 
# Simple Interface to M8748/8048/8035L @ Single 5V Supply 
@ Four 4-Bit I/O Ports @ High Output Drive 
@ AND and OR Directly to Ports @ Direct Extension of Resident 8048 I/O Ports 


The Intel® 8243 is an input/output expander designed specifically to provide a low cost means of I/O expansion for 
the MCS-48® family of single chip microcomputers. Fabricated in 5 volts NMOS, the 8243 combines low cost, single 
supply voltage and high drive current capability. 


The 8243 consists of four 4-bit bidirectional static |/O ports and one 4-bit port which serves as an interface to the 
MCS-48 microcomputers. The 4-bit interface requires that only 4 I/O lines of the 8048 be used for I/O expansion, and 
also allows multiple 8243’s to be added to the same bus. 

The I/O ports of the 8243 serve as a direct extension of the resident I/O facilities of the MCS-48 microcomputers and 
are accessed by their own MOV, ANL, and ORL instructions. 


PORT 4 


ADORESS 
DECODER 


INSTRUC. 


PORT 5 


1 
2 
3 
4 
5 
6 
7 
8 
9 


PORT 6 


- 
°o 


PORT 7 
Figure 2. M8243 
Pin Configuration 


RESET 
CIRCUIT 


Figure 1. M8243 
Logic Symbol 
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M8251A 
PROGRAMMABLE COMMUNICATION INTERFACE 


MILITARY 
ew Synchronous and Asynchronous a Asynchronous Baud Rate — DC to 
Operation 19.2K Baud 
= Synchronous 5-8 Bit Characters; a Full Duplex, Double Buffered, Trans- 
Internal or External Character Synchro- mitter and Receiver 


nization; Automatic Sync Insertion a Error Detection — Parity, Overrun and 


= Asynchronous 5-8 Bit Characters; Framing 


sg bins satel Cente : = Fully Compatible with M8080/M8085 CPU 


1%2, or 2 Stop Bits; False Start Bit Di 

Detection; Automatic Break Detect a o-Pin Bir reorege 

and Handling a All Inputs and Outputs are TTL 
= Synchronous Baud Rate — DC to 64K Compatible 

eis a Single + 5V Supply 
a Military Temperature Range: 

— 55°C to +125°C ws Single TTL Clock 


The Intel® M8251A is the enhanced version of the indust: y standard, Intel® 8251 Universal Synchronous/Asynchronous 

Receiver/Transmitter (USART), designed for data communications with Intel’s new high performance family of micropro- 

cessors such as the M8085. The M8251A is used as a peripheral device and is programmed by the CPU to operate using 

virtually any serial data transmission technique presently in use (including IBM “‘bi-sync’’). The USART accepts data char- 

acters from the CPU in parallel format and then converts them into a continuous serial data stream for transmission. Simul- 

taneously, it can receive serial data streams and convert them into parallel data characters for the CPU. The USART will. 
signal the CPU whenever it can accept a new character for transmission or whenever it has received a character for the 

CPU. The CPU can read the complete status of the USART at any time. These include data transmission errors and control 

signals such as SYNDET, TxEMPTY. The chip is constructed using N-channel silicon gate technology. 


DATA TRANSMIT 
BUS BUFFER TxD 
BUFFER (P--S) 


RxD [J 3 26 [J Ve¢ 
READ/WRITE aes 
CONDE TRANSMIT GND) 4 25 () Rxc 
LOGIC CONTROL 
O Tc o,C)5 DTR 
° o, C6 RTS 
bo, C) 7 M8251A DSR 
o,C) 8 RESET 
Txc LC) 9 2 CLK 
ss O WR [J 10 TxD 
R P — 
) RECEIVE cs) 11 Tx EMPTY 
MODEM RxD 
_ CONTROL oo = cis 
CTs 5 (S =P) C/D LJ 12 17 LJ cTs 
RTS 3 —_ RDC) 13 16 [_] SYNDET/BD 
- RxRDY [-] 14 15 [_] TxRDY 
. A 
F RxRDY 
JL ace 
RECEIVE RxC 


DATA BUS > SYNDET 


Figure 1. Block Diagram Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 


8251A is an advanced design of the industry stan- 
dard USART, the Intel® 8251. The M8251A operates 
with an extended range of Intel microprocessors 
that includes the new 8085 CPU and maintains com- 
patibility with the 8251. Familiarization time is mini- 
mal because of compatibility and involves only 
Knowing the additional features and enhancements 
and reviewing the AC and DC specifications of the 
M8251A. 


The M8251A incorporates all the key features of the 
M8251 and has the following additional features and 
enhancements: 


e M8251A has double-buffered data paths with 
separate I/O registers for control, status, Data 
In, and Data Out, which considerably simplifies 
control programming and minimizes CPU 
overhead. 


e In asynchronous operations, the Receiver 
detects and handles ‘‘break”’ automatically, re- 
lieving the CPU of this task. 


e Arefined Rx initialization prevents the Receiver 
from starting when in ‘“‘break’”’ state, preventing 
unwanted interrupts from a disconnected 
USART. 


e At the conclusion of a transmission, TxD line 
will always return to the marking state unless 
SBRK is programmed. 
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PRELIMINARY 


Tx Enable logic enhancement prevents a Tx 
Disable command from halting transmission 
until all data previously written has been trans- 
mitted. The logic also prevents the transmitter 
from turning off in the middle of a word. 


When External Sync Detect is programmed, 
Internal Sync Detect is disabled, and an Ex- 
ternal Sync Detect status is provided via a flip- 
flop which clears itself upon a status read. 


Possibility of false sync detect is minimized by 
ensuring that if double character sync is pro- 
grammed, the characters be contiguously de- 
tected and also by clearing the Rx register to all 
ones whenever Enter Hunt command is issued 
in Sync mode. 


As long as the M8251A is not selected, the RD 
and WR do not affect the internal operation of 
the device. 


The M8251A Status can be read at any time but 
the status update will be inhibited during status 
read. 


The M8251A is free from extraneous glitches 
and has enhanced AC and DC characteristics, 
providing higher speed and better operating 
Margins. 


Synchronous Baud rate from DC to 64K. 


Fully compatible with Intel’s new industry stan- 
dard, the MCS-85. 
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ABSOLUTE MAXIMUM RATINGS* 


“NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


e » ° ° 
Ambient Temperature Under Bias. . .. . . =e Cto+125 C sion of the device at these or any other conditions above 
Storage Temperature .............. —65 C to +150 C those indicated in the operational sections of this specifi- 
Voltage On Any Pin cation is not implied. Exposure to absolute maximum. 
With Respect to Ground. ..... 2.5.6 —0.5V to +7V rating conditions for extended periods may affect device 
Power Dissipation. ...............0.000 0s 1 Watt reliability. 


D.C. CHARACTERISTICS (tT, = —55°C to 125°C, Voc = 5.0V +5%, GND = OV) 


Input Low Voltage 
Input High Voltage 
VoL Output Low Voltage 


CAPACITANCE (Ta = 25°C, Vcc = GND = OV) 


Input Capacitance 
1/O Capacitance 


A.C. CHARACTERISTICS (tT, = —55°C to 125°C, Veg = 5.0V +5%, GND = OV) 


Bus Parameters" 


READ CYCLE 


Address Stable Before READ (CS, C/D) | -75 | | ons | Note2 

Address Hold Time for READ (CS, C/D) | 75 | 

tee | ERB rules | 00 
DF 


Data Delay from READ | | 280 ns 3, C, = 150 pF 
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A.C. CHARACTERISTICS (Continued) 


WRITE CYCLE 


<a ee 
: 
WRITE Pulse Width 300 


OTHER TIMINGS 


| Parameter | Min. | 
2 
ie Clock Low Pulse Width 

Clock Rise and Fall Time 


TxD Delay from Falling Edge of TxC 
Transmitter Input Clock Frequency 
1x Baud Rate 


Test Conditions 
16x Baud Rate 


DC 64 kHz 
DC 310 kHz 
64x Baud Rate DC 615 kHz 


Transmitter Input Clock Pulse Width 
1x Baud Rate 
16x and 64x Baud Rate 
Transmitter Input Clock Pulse Delay 
1x Baud Rate 
16x and 64x Baud Rate 


Tex Receiver Input Clock Frequency 


12%) 


i=) 


NO 


1x Baud Rate 64 kHz 
16x Baud Rate 310 kHz 
64x Baud Rate 615 kHz 


tRpw Receiver Input Clock Pulse Width 

wi 1x Baud Rate IZ 
16x and 64x Baud Rate 1 

trep Receiver Input Clock Pulse Delay 

a 1x Baud Rate 
16x and 64x Baud Rate 3 

TxRDY Pin Delay from Center of last Bit 

eye | TROY Ta Cn Ego —-—— 

[taxnoy —_| _RXRDY Pin Delay from Genter of last Bt | 

[isRovcuEAR| —_RXADY 4 from Leading Edge of AD | 


24 

tis Internal SYNDET Delay from Rising 24 
Edge of RxC 

tes External SYNDET Set-Up Time Before 
Falling Edge of RxC 
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A.C. CHARACTERISTICS (Continued) 


[Symbol [—=S*~*~‘é arate 
TxEMPTY Delay from Center of Last Bit 


twc Control Delay from Rising Edge of tcy Note 7 
WRITE (TxEn, DTR, RTS) 
| 20{ 


Control to READ Set-Up Time (DSR, CTS) 


NOTES: 


1. AC timings measured VOH = 2.0, VoL = 0.8, and with load circuit of Figure 1. 

2. Chip Select (CS) and Command/Data (C/D) are considered as Addresses. 

3. Assumes that Address is valid before RpJ. 

4. This recovery time is for Mode Initialization only. Write Data is allowed only when TxRDY = 1. 
Recovery Time between Writes for Asynchronous Mode is 8 tcy and for Synchronous Mode is 16 tcy. 


5. The TxC and RxC frequencies have the following limitations with respect to CLK. 
For 1x Baud Rate, fry or fry < 1/(30tcy) 
For 16x and 64x Baud Rate, fry or fry < 1/(4.5 tcy) 


6. Reset Pulse Width = 6 toy minimum; System Clock must be running during Reset. 
7. Status update can have a maximum delay of 28 clock periods from the event affecting the status. 


TYPICAL A OUTPUT DELAY VERSUS A CAPACITANCE (pF) 


a 
= 
> 
< 
= 
Ww 
a) 
- 
=] 
a 
- 
=) 
je) 
qa 


4 CAPACITANCE (pF) 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 DEVICE 


» TEST POINTS < ree 


0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC "1" AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC “1” Ri = 4200 
AND 0.8V FOR A LOGIC "0." L= 
VL = 2V 
C. = 150 pF r 
C, INCLUDES JG CAPACITANCE 
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PROGRAMMABLE INTERVAL TIMER 


MILITARY 
a 3 Independent 16-Bit Counters = Count Binary or BCD 
a Military Temperature Range: a Single +5V Supply 
—55°C to + 125°C 
sw Programmable Counter Modes a 24-Pin Dual In-Line Package 


The Intel® M8253 is a programmable counter/timer chip designed for use as an Intel microcomputer peripheral. It 
uses nMOS technology with a single + 5V supply and is packaged in a 24-pin DIP. 


It is organized as 3 independent 16-bit counters, each with a count rate of up to 2 MHz. All modes of operation are soft- 
ware programmable. 


CLK 0 
GATE 0 


OUT 0 


1 
2 
3 
4 
5 
6 
7 
8 
9 


CLK 1 


GATE 1 
OUT 1 


CLK 2 


| RO READCOUNTER COUNTER 


GATE 2 
OUT 2 


INTERNAL BUS fi 


Figure 1. Block Diagram Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias ...... -55°C to +85°C 
Storage Temperature .............. -65°C to + 150°C 
Voltage On Any Pin 

With RespecttoGround.............. -0.5Vto+7V 
PowerDissipation coc. loc eescewseerrerawcves 1 Watt 


*NOTICE: Stresses above those listed under ‘‘Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (Ta, = —55°C to 125°C, Voc = 5.0V +10%) 


Output Low Voltage 
Output High Voltage 
Input Load Current 


[tec | Vec Supply Current 


loc 


CAPACITANCE (Ta = 25°C, Vcc = GND = OV) 


| co 
a5 
por 


ee 


A.C. CHARACTERISTICS (tT, = —55°C to 125°C, Vec = +5V +10%, GND = OV) 


Bus Parameters ny] 


READ CYCLE 


ws eae 


a 
pine ~SSCREADPutewiety | 0 
[ao ATA Day rom REAB®™ SS 
[toe =| CRED to Data Fioaing «| Sai ds 


Recovery Time Between READ 
and Any Other Control Signal 
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A.C. CHARACTERISTICS (Continued) 


Re eee es 
Address Stable Before WRITE Lt 
a ae ee a 
ee OT 


WRITE CYCLE 


Data Hold Time for WRITE 

Recovery Time Between WRITE 

and Any Other Control Signal 
NOTES: 


1. AC timings measured at Voy = 2.2, Vo. = 0.8. 


CLOCK AND GATE TIMING 


ea 


ain 
em 
Tews | Mich ule with SYS 
[aout ow Buse with Sid tw 
gy Gate With ight 
gt Gate wists tow St 
10 
00 
00 
— 


NOTE 1: 
Test Conditions: C, = 100pF. 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


= DEVICE 
UNDER 
TEST 


»> TEST POINTS < 


0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC “1° AND 0.45V FOR 
A LOGIC °0."° TIMING MEASUREMENTS ARE MADE AT 2.2V FOR A LOGIC "1" 
AND 0.8V FOR A LOGIC “0.” 


CL = 100 pF 
C, INCLUDES JIG CAPACITANCE 
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WAVEFORMS 


DATA BUS 


DATA BUS HIGH IMPEDANCE HIGH IMPEDANCE 


CLOCK AND GATE 


OUTPUT 0 
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PROGRAMMABLE PERIPHERAL INTERFACE 


MILITARY 
w 24 Programmable I/O Pins = Direct Bit Set/Reset Capability Easing 
= Completely TTL Compatible Control Application Interface 
= Fully Compatible with MCS-80® a 40-Pin Dual In-Line Package 


Microprocessor Family = Reduces System Package Count 


, | Range: 
" wiry ae iia m + 10% Power Supply Tolerance 


The Intel® M8255A is a general purpose programmable I/O device designed for use with microprocessors. It has 24 I/O 
pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first mode 
(MODE 0), each group of 12 I/O pins may be programmed in sets of 4 to be input or output. In MODE 1, the second 
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand- 
shaking and interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8 
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking. 


Other features of the M8255A include bit set and reset capability and the ability to source 1 mA of current at 1.5 volts. 
This allows darlington transistors to be directly driven for applications such as printers and high voltage displays. 


—_—_—_— eS 5V 


SUPPLIES 


———> GND 


GROUP 


A 
an oe 


M8255A 


BI DIRECTIONAL DATA BUS 
DATA 
D, 0, BUS 
BUFFER 


8 BIT 
INTERNAL GROUP 


DATA BUS 8 10 
P 
Oars KT hh, Fs 


LOWER 
(4) 


wR ———_——+0 anour D,—-Dy DATA BUS (BI-DIRECTIONAL) 
A, maar: Port Reneccusmukt 0, is RESET RESET INPUT 
‘: H ¥ cS CHIP SELECT 
RESET RD READ INPUT 
WR WRITE INPUT 
[| 
AO, Al PORT ADDRESS 


PA7-PAO | PORT A (BIT) 
PB7-PB0 | PORT B (BIT) 


cs PC7-PCO PORT C (BIT) 
Vec +5 VOLTS 
GND @ VOLTS 
Figure 1. Block Diagram Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias.... . -55°C to +125 C 
Storage Temperature.............. —65°C to +150°C 
Voltage On Any Pin 

With Respect toGND.............. -0.5V to +7V 
Power Dissipation «.. ic. «54 ee Ges kre w eS ws 1 Watt 


D.C. CHARACTERISTICS 


| Symbol | Parameter 
Input Low Voltage 
loc 
IL 


V 
[tee | Power Supply Curent 


NOTE 1: Available on any 8 pins from Port B and C. 


A.C. CHARACTERISTICS 


*NOTICE: Stresses above those listed under ‘Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


(Ta = —55°C to 125°C, Voc = +5V +10%, GND = OV) 


(Ta = —55°C to +125°C, Voc = 5.0V +10%, GND = OV) 


Address Stable Before READ 


Address Stable After READ 


Address Stable Before WRITE 


Address Stable After WRITE 
WRITE Pulse Width 


ae 


300 
z 


Per. Data Before T.E. of STB 
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A.C. CHARACTERISTICS (Continued) 


taD 
tkb 


twos 
taoB 
tsiB 


trip 


tsit STB =1to INTR = 1111 
tait ACK = 1 to INTR = 1!!! 


NOTES: 
1. Test condition: 8255A: CL = 100pF . 
2. Period of Reset pulse must be at least 50uF during or after power on. Subsequent Reset pulse can be 500ns min. 


CAPACITANCE (Tag = 25°C, Vcc = GND = OV) 


[Parameter [Min 


| Unit | Test Conditions 


Unmeasured pins returned to GND 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


DEVICE 
UNDER 
TEST 


2.0 


> TEST POINTS ad - C, = 100 pF 


0.8 = 


0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC “1° AND 0.45V FOR 
A LOGIC 0. TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC 1” 
AND 0.8V FOR A LOGIC “0.” 


*VexT IS SET AT VARIOUS VOLTAGES DURING TESTING TO GUARANTEE 
THE SPECIFICATION. 
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WAVEFORMS 


MODE 0 (INPUT) 


CS, A1, AO 


MODE 0 (OUTPUT) 


CS, A1, AO 


OUTPUT 
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WAVEFORMS (Continued) 


MODE 1 (STROBED INPUT) 


a aaaiias 


INPUT FROM ow 
PERIPHERAL 


MODE 1 (STROBED OUTPUT) 


OUTPUT 
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MODE 2 (BIDIRECTIONAL) 


DATA FROM 
/ 8080 TO 8255 


PERIPHERAL 
BUS 


DATA FROM DATA FROM 
PERIPHERAL TO 8255 8255 TO PERIPHERAL r, 


DATA FROM 
8255 TO 8080 


NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. 
(INTR = IBF « MASK « STB » RD + OBF * MASK « ACK « WR ) 


— =—tpa 
| 


ie tape 
RD \ / 


etapwt 3 lope — 


DATA BUS HIGH IMPEDANCE VALID “HIGH IMPEDANCE 


/ 
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M8257 
PROGRAMMABLE DMA CONTROLLER 


MILITARY 
a Military Temperature Range: = Terminal Count and Modulo 128 
—55°C to 125°C Outputs 
ew 4-Channel DMA Controller a Single TTL Clock 
a Priority DMA Request Logic =a Single +5V Supply 
uw Channel Inhibit Logic = Auto Load Mode 


The Intel® M8257 is a 4-channel direct memory access (DMA) controller. It is specifically designed to simplify the 
transfer of data at high speeds for the Intel® microcomputer systems. Its primary function is to generate, upon a 
peripheral request, a sequential memory address which will allow the peripheral to read or write data directly to or 
from memory. Acquisition of the system bus in accomplished via the CPU’s hold function. The M8257 has priority logic 
that resolves the peripherals requests and issues a composite hold request to the CPU. It maintains the DMA cycle 
count for each channel and outputs a control signal to notify the peripheral that the programmed number of DMA 
cycles is complete. Other output control signals simplify sectored data transfers. The M8257 represents a significant 
savings in component count for DMA-based microcomputer systems and greatly simplifies the transfer of data at high 
speed between peripherals and memories. 


ORQO 


DATA 


BUS 
BUFFER DACK 


DRQ 1 


CONTROL 
LOGIC 
AND 
MODE 
SET 
REG. 


ADDRESS ENABLE 
ADDRESS STROBE 
TERMINAL COUNT 
MODULO 128 MARK 


| DMA REQUEST 
INPUT 


DMA ACKNOWLEDGE 
OUT 


CHIP SELECT 


D7-Do | DATA BUS 

| MEMW | MEMORY WRITE 

CLOCK INPUT 

RESET INPUT 

HOLD REQUEST 
(TO 8080A) 
HOLD ACKNOWLEDGE 
(FROM 8080A) 


PRIORITY 
RESOLVER 


INTERNAL 
BUS 


Figure 1. Block Diagram Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 


M8257 


PRELIMINARY 


*“NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


SOIGIE Tem PG! BIOS NERD IIE x: 2 oo" i" ier tion of the device at these or any other conditions above 
Storage Temperature............. — 65°C to + 150°C those indicated in the operational sections of this specifi- 
Voltage on Any Pin cation is not implied. Exposure to absolute maximum 

With Respect to Ground............ —0.5V to +7V rating conditions for extended periods may affect device 
Power Distipsuich;...csadcede anes re wet we os 1 Watt reliability. 


D.C. CHARACTERISTICS (Tg = —55°C to 125°C, Veg = +5V +10%, GND = OV) 


Tv | Tonuttow Vonage ———SSS~=~idC | ss 
[vin | Input Hh Vottge ———SSS~wCSCi | en | Vote | 
VOH 
VHH 
loc 


Output High Voltage 


lon =-150uA for AB, 
DB and AEN 


Vec Volts 
lon =-80uA for others 


< Vout < Vcc 
CAPACITANCE (Ta = 25°C, Voc = GND = OV) 


symict [Parameter + wim | [wax | unt | TestGonaitons 


pF 


returned to GND 


A.C. CHARACTERISTICS—DMA (MASTER) MODE (ty = —55°C to 125°C, 


Voc = +5V +10%, GND = OV) 
TIMING REQUIREMENTS 


| Symbol | Parameter 
| Te | Clock Active (High) =| 120 
| Tas | DRONSetuptosisiss) | 120 
| Tow | DRQHHold fromHLDAM) | 
"400 
i 30 


HLDAt or ‘Setup to 64 (SI, S4) 
READY Setup Time to @t (S3, Sw) 
READY Hold Time from ét (S3, Sw) 
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A.C. CHARACTERISTICS—DMA (MASTER) MODE (tT, = —55°C to 125°C, 
Voc = +5V +10%, GND = OV) 


TIMING RESPONSES 


Symbol | Parameter, | Mi [unit | 
Tpa HRQt or +Delay from @t(SI,S4) 
(measured at 2.0V)l"] 
Tpai HRQt or ‘Delay from é6t(SI,S4) a 
(measured at 3.3V)5] 


Adr(AB)(Active) Delay from AEN*(S1)/41 

| Trane | __Adr(AB(Active) Delay from ensty) || 27 |i 
| Taras | AdM(ABYFloat) Delay from ens) || 200 |g 
| Tas | Adr(ABYStable) Delay fromenst) || 280 | ins 
| Tan | Adr(AB)Stable) Hold from onsty@| | Tasm=80 || ms 
| Tana | AGMABXValid) Hold fromRanst, sn! | 80 | Ts 
| Tanw | AdHABYValid) Hold from Wrnst, sy) | 300 | ns 
TaHs Adr(DB)(Valid) Hold from AdrStb\(S2)!4] 
Tsru 
Ts | AdrStbiDelay trom ens2y | 
Tsw 
Tpct Rdt Delay from @(S1, SI) and 


160 
Tasc Rd¥ or Wr(Ext)) Delay from AdrStb\(S2)!4] 
SS - 
300 
170 
50 


Tpsc Rd or Wr(Ext)) Delay from Adr(DB) 
(Float)(S2)/41 


Tak DACKt or sDelay from 6(S2, S1) and 
TC/Markt Delay from é@t(S3) and 


TC/Marks Delay from @t(S4)lt5] 


Toc Rd\ or Wr(Ext)) Delay from 6t(S2) and 
Wr) Delay from 6t(S3)l2.6l 


rv 
NOTES: 


1. Load=1TTL. 2. Load=1TTL +50pF. 3. Load=1 TTL+(Ri =3.3K), VoH=3.3V. 4. Tracking Parameter. 
5. ATak < 50 ns. 6. ATpc_<50ns. 7. ATpcT < 50 ns. 
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A.C. CHARACTERISTICS—PERIPHERAL (SLAVE) MODE [Ty = —55°C to 125°C, 
Voc = 5.0V +10%, GND = OV (Note 1)] 


Test Conditions 
(Note 2) 


Test Conditions 


_ 8080 Bus Parameters 
READ CYCLE 


[—Symbot_[ ‘Parameter =i «| Max 
[Tan | Adar @SiSetwptoR———S« 
Tx | Adror€St Hoistrom A? S| 
a 
To] 20 [150 
Tm | 250 


DB-Float Delay from RDt 
RD Width 


WRITE CYCLE 


OTHER TIMING 


| Min 
| 20 
| 35 
| 200 
ae 
| 175 
| Symbol | Parameter | Mins 
| 300 
| 500 
2: 
ae 
| 2 | 


Test Conditions 


a 
| ws 
| ns 
| ns 
| toy _| 


Reset to First I/OWR 


NOTES: 
1. All timing measurements are made at the following reference voltages unless specified otherwise: Input “1” at 2.0V, “O” at 0.8V 
2. M8257: C, = 100 pF, 8257-5: Cy = 150 pF. Output “1” at 2.0V, “O” at 0.8V 


Tracking Parameters 


Signals labeled as Tracking Parameters (footnotes 4-7 under A.C. Specifications) are signals that follow similar paths 
through the silicon die. The propagation speed of these signals varies in the manufacturing process but the rela- 
tionship between all these parameters is constant. The variation is less than or equal to 50 ns. 


Suppose the following timing equation is being evaluated, 
T AMIN) + TB(MAX) <=150ns 


and only minimum specifications exist for Ta and Tg. If Tayminy is used, and if Ta and Tg are tracking parameters, 
Tpmax) Can be taken as Tain) + 50 ns. 


T A(MIN) aa (Tp(mMiNn)* + 50 ns) < 150 ns 
*if Ta and Tg are tracking parameters 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 DEVICE 


UNDER 
> TEST POINTS < TEST 
Cc. = 150 pF 
: 0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” AND 0.45V FOR 
A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" C, = 150 pF 
AND Ca FOR ® LOGS D, C, INCLUDES JIG CAPACITANCE 


WAVEFORMS 


NOT READY SEQUENCE 


CLOCK 


DRQ 0-3 


DACK 0-3 L 


&, 


MEM RD/I/ORD = == — = = a 
MEM WR/ITOWR | mm mm mm aR SRS wempene 


READY 


TC/MARK 


CONTROL OVERRIDE 
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M8257 PRELIMINARY 


WAVEFORMS—DMA MODE 
CONSECUTIVE CYCLES AND BURST MODE SEQUENCE 


+ | | | - 


CLOCK 


ADR 0-7 (LOWER ADR) —— = = 


TFaDB ——> 


DATA0-7 (UPPER ADR) —= = me 


ADR STB 


DACK 0-3 . 
bl = im *abT 
MEM/RD/I/O RD — — — , £'| q 
Toc 
Tosc 
Toct 
a | 
LN 


MEM/WR///OWR™ “ “= 


READY 


TC/MARK _ 


NOTE: CLOCK 

The clock waveform is 
duplicated for clarity. SI 
The M8257 requires 

only one clock input. 
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WAVEFORMS—PERIPHERAL MODE 


WRITE 

Taw Twa 
CHIP SELECT 
Taw —>|Twa 
Tow Two 
i70 WR \ 
RESET 
READ 


CHIP SELECT 


ADDRESS BUS 


1/0 RD 


oan mma i+ — 


10-145 AFN-00679A 


intel PRELIMINARY 


M8259A 
PROGRAMMABLE INTERRUPT CONTROLLER 


MILITARY 
a iAPX 86, 88 Compatible es Programmable Interrupt Modes 
a MCS-80®, MCS-85® Compatible «= Individual Request Mask Capability 
ew Eight-Level Priority Controller a Single +5V Supply (No Clocks) 
w Expandable to 64 Levels a Military Temperature Range: 


—55°C to + 125°C 


The Intel® M8259A Programmable Interrupt Controller handles up to eight vectored priority interrupts for the CPU. It is 
cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28-pin DIP, uses NMOS 
technology and requires a single +5V supply. Circuitry is static, requiring no clock input. 


The M8259A is designed to minimize the software and real time overhead in handling multi-level priority interrupts. It has 
several modes, permitting optimization for a variety of system requirements. 


INTA INT 


DATA CONTROL LOGIC 
BUS 


BUFFER 


D,-D é 


IN 
SERVICE 
REG 
(ISR) 


2 
M8259A 


1 
2 
3 
4 
5 
6 
7 
8 
9 


CASCADE 
BUFFER/ 


COMPARATOR 


“INTERNAL BUS 


Figure 1. Block Diagram Figure 2. Pin Configuration 
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M8259A 


PRELIMINARY 


Table 1. Pin Description 


Pin 
Name and Function 


woo | 28 | [Power +5V supply 
[Teround: Ground 


Data Bus: Bidirectional data bus, 
used for: a) programming the mode of 
the 8259A (programming is done by 
software); b) the microprocessor can 
read the status of the 8259A; c) the 
8259A will send vectoring data to the 
microprocessor when an interrupt is 
acknowledged. 


Interrupt Requests: These are asyn- 
chronous inputs. A positive-going 
edge will generate an interrupt re- 
quest. Thus a request can be gener- 
ated by raising the line and holding it 
high until acknowledged, or by a 
negative pulse. In level triggered 
mode, no edge is required. These lines 
are active HIGH. 


Read: Read (generally from 8228 in 
MCS-80 system or from 86/10 in 
iAPX 86 system). 


Write: Write (generally from 8228 in 
MCS-80 system or from 86/10 in 
iAPX 86 system). 


Interrupt Acknowledge: Interrupt 
Acknowledge (generally from 8228 in 
MCS-80 system, 86/10 in iAPX 86 sys- 
tem). The 8288 generates three dis- 
tinct INTA pulses when a CALL is in- 
serted, the 86/10 produces two distinct 
INTA pulses during an interrupt cycle. 
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ea Type Name and Function 


cs Chip Select: RD and WR are enabled 
by Chip Select, whereas Interrupt Ac- 
knowledge is independent of Chip 
Select. 


Address: Usually the least significant 
bit of the microprocessor address 
output. When AO=1 the Interrupt Mask 
Register can be loaded or read. When 
AO=0 the 8259A mode can be pro- 
grammed or its status can be read. CS 
is active LOW. 


Interrupt: Goes directly to the micro- 
processor interrupt input. This output 
will have high Voy to match the 8080 
3.3V Viy. INT is active HIGH. 


Cascade Lines: Three cascade lines, 
outputs in master mode and inputs in 
slave mode. The master issues the bi- 
nary code of the acknowledged inter- 
rupt level on these lines. 


Each slave compares this code with its 
own. 


SP/EN: Adual function pin. In the buf- 
fered mode SP/EN is used to enable 
bus transceivers (EN). In the non- 
buffered mode SP/EN determines if 
this 8259A is a master or a slave. If 
SP=1 the 8259A is master; SP=0 indi- 
cates a slave. 
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intel 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias ..... —55°C to 125°C 
Storage Temperature ............ — 65°C to + 150°C 
Voltage On Any Pin 

With Respect to Ground ........... -0.5V to +7V 
Power DiSSipation .....0c.0eccceneniaedeene 1 Watt 


M8259A 


PRELIMINARY 


*“NOTICE: Stresses above those listed under ‘Absolute 
Maximum Ratings”’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. 


D.C. CHARACTERISTICS (Ty, = —55°C to 125°C, Voc = 5V +10%) 


[—Symbor [Parameter 


V Interrupt Output High 
Chit) Voltage 


IL 


Input Capacitance 
I/O Capacitance 


Test Conditions 
loL= 2.2 MA 
lon = — 400 pA 


loy = — 100 pA 
loo = — 400 pA 


VIN = Voc to OV 
VouT = 0.45V to Voc 


A.C. CHARACTERISTICS (Ta = —55°C to + 125°C, Veg = 5V +10%) 


TIMING REQUIREMENTS 


TDVWH Data Setup to WRt 
TWHDX Data Hold after WR? 


Cascade Setup to Second or 


iii Third INTAY (Slave Only) 


TRHRL End of RD to Next Command 
TWHRL End of WR to Next Command 
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A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 


[Symbol | Parameter__——_| Min. | Max | Unite | Test Conditions 
[TRLDV | Data Valid rom ABMNTAY | __—+| 200 | ns | Gof Data Bus 

[TRHDZ | Data Float after FOVINTAT | _10_| 100 | ne | Max. test C= 100pF 
[Tort | terunt Output Dey [| sso ns) Min tt = 180 


Cascade Valid from First INTA | | 565] ons Cint= 100 pF 
(Master Only) CenaABLE = 15 pF 
| TRLEL | Enable Active from RDF or INTAY | | 125, || ns 
TRHEH | Enable inactive rom ROT or INTAT [| 160 [ns 
TAHOW | Data Vaid from Stable Address [| 00 [ne 
-Tevev | “Cascade Vaid to Valid Data | | 300 ne 


NOTE: 
1. This is the low time required to clear the input latch in the edge triggered mode. 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 DEVICE 


, UNDER 
> TEST POINTS < TEST 


0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1° AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC "1" Cy = 100 pF 


“Aah p 
BN COY ROR A LG C, INCLUDES JIG CAPACITANCE 


WAVEFORMS 


WRITE 


-—___—_——— TWLWH 


cs | 


Ko 
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WAVEFORMS (Continued) 


READ/INTA 
ADINTA TRLAH 
45) 
TRH 
? EH 
| 
TRHAX 
fot.) 
Ke 
+ TALDY TRHDZ — 
TAHDV 
DATA BUS- — — — — — — — — — — — - — — — - - ee 


OTHER TIMING 
RD/INTA 


INTA SEQUENCE 


—*| TCVIAL |=— — =— TCVIAL 


v, 
cy oF AN 


»— TIALCV ——+ 


NOTES: 
Interrupt output must remain HIGH at least until leading edge of first INTA. 
1. Cycle 1 in iAPX 86, iAPX 88 systems, the Data Bus is not active. 
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In 
M8282/8283 
OCTAL LATCH 


MILITARY 


a Fully Parallel 8-Bit Data Register and a 3-State Outputs 
Buffer 


= Transparent during Active Strobe 
= Supports M8080, M8085A, M8048, and » No Output Low Noise when Entering 


a 20-Pin Package with 0.3” Center 


Military iAPX 86 Systems or Leaving High Impedance State 
ea High Output Drive Capability for a Military Temperature Range: 
Driving System Data Bus —55°C to + 125°C 


The M8282 and M8283 are 8-bit bipolar latches with 3-state output buffers. They can be used to implement latches, buf- 
fers, or multiplexers. The M8283 inverts the input data at its outputs while the M8282 does not. Thus, all of the prin- 
cipal peripheral and input/output functions of a microcomputer system can be implemented with these devices. 


Se ee 7 
G}-- 1» d+ 

pane 

| | 

a J! 
' Litton Gec.niana chow 
o > 
PM oj === 4 \% 
fo) ba 
eo} He) 
y- L_—_____— T man 
On fos 
AS eS — ee a" 
i ee 
fo) a el 
fo} H—fee) 

) — ee a 
A A 
oom 
Figure 1. Logic Diagrams Figure 2. Pin Configurations 
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intel M8282/8283 


Table 1. Pin Description FUNCTIONAL DESCRIPTION 

The M8282 and M8283 octal latches are 8-bit latches 
Strobe: STB is an input control pulse used with 3-state output buffers. Data having satisfied the 
to strobe data at the data input pins (Ag—A7) setup time requirements is latched into the data latches 
into the data latches. This signal is active by strobing the STB line HIGH to LOW. Holding the STB 
HIGH to admit input data. The data is line in its active HIGH state makes the latches appear 
latched at the HIGH to LOW transition of transparent. Data is presented to the data output pins by 
STB. activating the OE input line. When OE is inactive HIGH 
Output Enable: OE is an input control the output buffers are in their high impedance state. 
signal which when active LOW enables the Enabling or disabling the output buffers will not cause 
contents of the data latches onto the data negative-going transients to appear on the data output 
output pin (By—-B7). OE being inactive HIGH bus. 


forces the output buffers to their high im- 
pedance state. 


Data Input Pins: Data presented at these 
pins satisfying setup time requirements 
when STB is strobed is latched into the data 
input latches. 


DO 9-DO7 Data Output Pins: When OE is true, the 
M8282 data in the data latches is presented as in- 
DO -D07 verted (M8283) or non-inverted (M8282) 
(M8283) data onto the data output pins. 
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M8282/8283 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias.......... — 55°C to + 125°C 
Storage Temperature............. — 65°C to + 150°C 
All Output and Supply Voltages........ —0.5V to +7V 
All (NBUt VONAGES .ccawscaveiccneans —1.0V to + 5.5V 
POWGr DIGSIDAUON 6 sc wen cnenas saves ecseewene 1 Watt 


“NOTICE: Stresses above those listed under ‘“‘Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (Vcc = 5V +10%, Ta = —55°C to +125°C) 


[Symbol [ Parameter 
[te | Forwara input Current 
[te | Reverse input Current 


Output High Voltage 


Input High Voltage 


Notes: 1. Output Loading lo, = 20 mA, IoH= —5 mA, C, = 300 pF 


VorF = 0.45 to 5.25V 
‘Vcc=5.0V_ See Note 1 
Vcoc=5.0V See Note 1 
= 


= 1 MHz 
Veias= 2.5V, Vcc = 5V 
= aa © 


A.C. CHARACTERISTICS (Vcc = 5V +10%, Ta = —55°C to +125°C) 
(Loading: Outputs—lo, = 20 mA, Ion = —5 mA, Cy = 300 pF) 


TIVOV 


TSHOV 


TEHOZ Output Disable Time 


—Inverting 
—Non-Inverting 


STB to Output Delay 
—Inverting 
—Non-Inverting 


TIVSL Input to STB Setup Time 
TSLIX Input to STB Hold Time 
TSHSL STB High Time 


TILIH, Input, Output Rise Time 
TOLOH 


TIHIL, Input, Output Fall Time 
TOHOL 


NOTE: 
1. See waveforms and test load circuit on following page. 
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[—~symbor [Parameter ‘| ‘Min, 


Input to Output Delay 


a 
[retov | outputnabie time | 10 
— 
= 
_ 


|_Max. | Units | __Test Conditions 


(See Note 1) 


25 


35 


= | From 0.8V to 2.0V 
= From 2.0V to 0.8V 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 


INPUT/OUTPUT 


2.4 


1.5 <«—— TEST POINTS ——® 1.5 


0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC “1° AND 0.45V FOR 
A LOGIC °0." TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC “1° AND "0." 


A.C. TESTING LOAD CIRCUIT 


300 pF 


3-STATE TO VoL 3-STATE TO Von SWITCHING 


WAVEFORMS 


INPUTS 


TIVSL TSLIX 


OUTPUTS 


SEE NOTE 1 


NOTE: 1.8283 ONLY — OUTPUT MAY BE MOMENTARILY INVALID FOLLOWING THE HIGH GOING STB TRANSITION. 
2. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED, 


AFN-01414A 
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intel 
M8284 


CLOCK GENERATOR AND DRIVER 


FOR MILITARY iAPX 86 
MILITARY 


@ Military Temperature Range: @ 18-Pin Package 
—55°C to + 125°C 
@ Generates System Reset Output 
= Generates the System Clock for the from Schmitt Trigger Input 
M8086 
@ Provides Local Ready and 
@ Uses a Crystal or TTL Signal for MULTIBUS™ Ready Synchronization 
Frequency Source 
@ Capable of Clock Synchronization 
— Single +5V Power Supply with other M8284’s 


The M8284 is a bipolar clock generator/driver designed to provide clock signals for the Military iAPX 86 and peripherals. It 
also contains READY logic for operation with two MULTIBUS™ systems and provides the processors required READY 
synchronization and timing. Reset logic with hysteresis and synchronization is also provided. 


> ei CSYNC(]1 181] Vcc 
/>o osc 


. PCLK []2 171] x1 
bc ethessstl AEN1( }3 16, ] x2 
Fé ——fSe = RDY1(|}4 157°] NC. 
. 5 *“ READY []5 1417] EFI 
oie RDY2 []6 137] FIC 
csYNc bane , AEN2 (7 127 J OSC 
—— ex CLK [18 111 ] RES 
me) itl GND []9 10[_] RESET 


Figure 1. Block Diagram Figure 2. Pin Configuration 


CONNECTIONS FOR CRYSTAL RES RESET INPUT 
ai nts enue exieet 1 SYNCHRONIZED RESET OUTPUT 
EXTERNAL CLOCK INPUT ee OSCILLATOR OUTPUT 
CLOCK SYNCHRONIZATION INPUT MOS CLOCK 1D8086 
PCLK TTL CLOCK FOR PERIPHERALS 
READY SIGNAL FROM TWO MULTIBUS™ SYSTEMS READY SYNCHRONIZED READY OUTPUT 
Vcc +5 VOLTS 


ADDRESS ENABLED QUALIFIERS FOR RDY1,2 GND 0 VOLTS 


M8284 Pin Names 
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*NOTICE: Stresses above those listed under ‘‘Absolute 


ABSOLUTE MAXIMUM RATINGS* Maximum Ratings” may cause permanent damage to the 

device. This is a stress rating only and functional opera- 
Temperature Under Bias ............ — 55°C to 125°C tion of the device at these or any other conditions above 
Storage Temperature............. — 65°C to + 150°C those indicated in the operational sections of this specifi- 
All Output and Supply Voitages........ -—0.5V to +7V cation is not implied. Exposure to absolute maximum 
All Input Voltages.................. -—1.0V to +5.5V rating conditions for extended periods may affect device 
Power Dissipation. . .sccccccscicnceutanvwens 1 Watt reliability. 


D.C. CHARACTERISTICS (tT, = —55°C to 125°C, Voc = 5V +10%) 


[Symbot [Parameter | min | Max | Unite Test Conditions 
ie | Forwardinput Gurrent | ——~| 08 | mA [veroav 
ig | Reverse input Curent | ——~| 80 | uA [Varszy 
a Ls 
ice | Power Suppiy Curent | ‘| 40] ma 
"vu | put ow voltage =| S| BC) 
"Yn | Waput HIGH Vottegs =| 20 |) 
[ag | torino vase [aa Lv 
Sa ta 


| ViHp-Vitg | RES Input Hysteresis RES Input | RES input Hysteresis 


A.C. CHARACTERISTICS (tT, = —55°C to 125°C, Voc = 5V +10%) 


TIMING REQUIREMENTS 


External Frequency High Time ons 90% - 90% Vin 
[revet [enreres reve rete re [Tos | 
aE 
river [novi nove swipe [as 
TTOURIx | ADYI,ADYZHoIsto CLK | OSdSSSCSdC 
TAIVRTV | AENI.AEN2 SetUptoADVI,AOVe | 15S) 
TTCUAIX | AENTAENZHoIdtoGLK | SSCCS~*~dSC<~*‘dtCS CS 
IVHEH | CSYNCSetUptoerl SCO 
Tren. [osyncrowtoe ms | 
TTvaYL | csyncwiah SSS~—SC~C~<i LESS CS 
TTioL [RESSeUptocik—SS)SSC~=‘aS*~“‘“‘(™SC*dt;(ns«d;CWote) 
Teun | RESHolstoctK ———SS«dSSC~tiSSSCSS*~*~rCie «Nt 
Til | mputRise Time —=Ss=~*~—‘~dECS*~“‘C;C;™;™*d:CO@O~*C;Cons ‘| Fromoeveto2.v 
TH | mputFalTime ——=Ss=S~=~idECSC‘“‘SNCW#C#*d*é(CON. CO ns | Froma.ovtooev 
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A.C. CHARACTERISTICS (Continued) 


TIMING RESPONSES 


[symbor [Parameter ——~—=«|~SiMin.~—~«d; Max | Unie | Test Conditions 
Prout | eiKGyeereioa ——SSC~dSCC‘i‘aST Ds 
Tronct | cikwigntime ——~=~*~dCaeuc2@ | | es 
5 a 2 ae 


TCH1CH2 


| TPHPL | PCLK | POLKHighTime Time age 
ao re eco 
[ravuct | Ready inscive to iX(GeeNoeg [8] ne 
TaVHGH | Ready Active to OLK (See Nowe) | GaToLou)—Te0 | ne 
Trout | ciKteResetdewy ng 
rete | uke PouKrigh Doyo 
reve | ik peux tow bey | ene 
“Tous | 08cw cuxtign dey | te fw 
Touc. | 080% cuk tow boy as ns 
ToL | Output ise Time Except GL) |_| 20 | ns | Fromoavie20v_ 
Tronot [output Fa Time xcept oun) [|e | ne | From 20 9080 


NOTES: 


1. 6 = EFI rise (5 ns max) + EFI fall (5 ns max). 

2. Set up and hold only necessary to guarantee recognition at next clock. 
3. Applies only to T3 and TW states. 

4. Applies only to T2 states. 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


DEVICE 
UNDER 
TEST 


1.5 <—— TEST POINTS —— 1.5 


0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC "1" AND 0.45V FOR 
A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC “1° AND “0.” 


Ri = 3250 

VL = 2.08V 

C, = SEE NOTES 1 AND 2 FOLLOWING M8284 WAVEFORMS 
C, INCLUDES JIG CAPACITANCE 
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4 M8284 


TCLCH —»|<——»| TCHCL 


+—— TCLCL 


TRYHCH 


= TCLI1H |= TITHCL > 


<-— TYHYL —> 


RESET O eee 


NOTE: aut TIMING MEASUREMENTS ARE MADE AT 1.5 VOLTS, UNLESS OTHERWISE NOTED 


LOAD 
(SEE NOTE 1) 
PULSE LOAD 
GENERATOR (SEE NOTE 1) 


PULSE 
GENERATOR 


LOAD 
(SEE NOTE 2) 
LOAD 
(SEE NOTE 2) 


TRIGGER 


PULSE 
GENERATOR 


PULSE 
GENERATOR 


TRIGGER 


Ready to Clock (using Xj, X2) Ready to Clock (using EFI) 
NOTES: 
1. CL = 100 pF. 
2. CL = 30 pF. 
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intel 
8286/8287 
OCTAL BUS TRANSCEIVER 


MILITARY 


a Data Bus Buffer Driver for Military a 3-State Outputs 
iAPX 86, M8080A, M8085A, and M8048 20-Pin Package with 0.3” Center 


Processors 
= No Output Low Noise when Entering 


a High Output Drive Capability for or Leaving High Impedance State 


Driving System Data Bus 


= Military Temperature Range: 
= Fully Parallel 8-Bit Transceivers — 55°C to + 125°C 


The M8286 and M8287 are 8-bit bipolar transceivers with 3-state outputs. The M8287 inverts the input data at is outputs 
while the M8286 does not. Thus, a wide variety of applications for buffering in microcomputer systems can be met. 


——o 7 

l 
i) a | 

| | 

(enn 
my | b------— dip 
© o 
One (52) 
Oe @ 
wa F eee 4 an 
Aa) 4) 
(s}-H a @ 
oe 1 e) 
ap 

Figure 1. Logic Diagrams Figure 2. Pin Configurations 


10-159 


intel M8286/8287 


Table 1. Pin Description FUNCTIONAL DESCRIPTION 

The M8286 and M8287 transceivers are 8-bit trans- 
Transmit: T is an input control signal used to ceivers with high impedance outputs. With T active 
control the direction of the transceivers. HIGH and OE active LOW, data at the Ap-Az pins is 
When HIGH, it configures the transceiver’s driven onto the By-B7 pins. With T inactive LOW and OE 
Bo-B7 as outputs with Ap-A7 as inputs. T active LOW data at the B,-B7 pins is driven onto the 
LOW configures Ag—A7 as the outputs with A,-A7 pins. No output low glitching will occur whenever 
Bo-B7 serving as the inputs. the transceivers are entering or leaving the high im- 
Output Enable: OE is an input control signal pedance state. 
used to enable the appropriate output driver 
(as selected by T) onto its respective bus. 
This signal is active LOW. 
Local Bus Data Pins: These pins serve to 
either present data to or accept data from the 
processor’s local bus depending upon the 
state of the T pin. 
System Bus Data Pins: These pins serve to 
either present data to or accept data from the 
system bus depending upon the state of the 

(M8287) T pin. 
10-160 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias .......... — 55°C to + 125°C 
Storage Temperature............. — 65°C to + 150°C 
All Output and Supply Voltages........ —0.5V to +7V 
All Input Voltages.................. -— 1.0V to +5.5V 
POWer DISSIDAHON «cc cc ccceatsnueereesusa rans 1 Wat! 


M8286/8287 


*“NOTICE: Stresses above those listed under ‘‘Absolute 
Maximum Ratings’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (Vcc = 5V +10%, Ta = —55°C to +125°C) 


Input Clamp Voltage 
loc 


Power Supply Current—8287 
—8286 


lp Forward Input Current 


PIR Reverse Input Current 


—A Side 
—B Side 


Input Low Voltage 


Input Capacitance 


NOTE: 
1. B outputs—Io, = 20 mA, Ion = —5 mA, C, = 300 pF 
A Outputs—Io, = 10 mA, lon = —1 MA, C, = 100 pF 


| Symbol_| Parameter | Min’ | Max | Units | Test Conditions 


130 mA 
160 mA 


Ss 


a 
|e |e 
V 


VoL Output Low Voltage —B Outputs lo. = 20 mA 
—A Outputs lo. = 10mA 
Vou Output High Voltage —B Outputs V lon =-5 MA 
—A Outputs V lon =-1MA 


lorr Output Off Current Vorr = 0.45V 

lor Output Off Current Vorr = 5.25V 
0.8 V Vcc = 5.0V, See Note 1 
0.9 V Vcc = 5.0V, See Note 1 


ee 


F=1MHz 
Vaias = 2.5V, Voc = 5V 
Ta = 25°C 


A.C. CHARACTERISTICS (Vcc = 5V +10%, Ta = —55°C to + 125°C) 
(Loading: B Outputs—Io, = 20 mA, Ion = —5 MA, C_ = 300 pF 
A Outputs—lo, = 10 mA, lon = —1 MA, Cy = 100 pF) 


rT symbot [Parameter 


Input to Output Delay 
Inverting 
Non-Inverting 


TTVEL Transmit/Receive Setup 
TEHOZ Output Disable Time 
TELOV Output Enable Time 


TILIH, 
TOLOH Input, Output Rise Time 


NOTE: 
1. See waveforms and test load circuit on following pages. 
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TEHTV Transmit/Receive Hold Time TEHOZ 


TIHIL, ' 
TOHOL Input, Output Fall Time Pf te fos From 2.0V to 0.8V 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 


INPUT/OUTPUT 


1.5 ~<4—— TEST POINTS ——® 1.5 


0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC “1” AND 0.45V FOR 
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC “1° AND “0.” 


TEST LOAD CIRCUITS 


3-STATE TO VoL 3-STATE TO Vo 


B OUTPUT A OUTPUT 


3-STATE TO Von 3-STATE TO Von 


B OUTPUT A OUTPUT 
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SWITCHING 


B OUTPUT 


100 pF 


SWITCHING 


A OUTPUT 


AFN-01827A 


Intel M8286/8287 


WAVEFORM 


INPUTS 


—>| TEHOZ 


VoL + .1V 


- TENTYV ———~> 


NOTE: 1. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 


oO 
Ww 
” ” 
z z 

> 
< < 
= = 
Ww Ww 
a a 


600 


pF LOAD 


Output Delay vs. Capacitance 
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in 
M8288 


BUS CONTROLLER 
FOR MILITARY iAPX 86 


MILITARY 
# Bipolar Drive Capability = 3-State Command Output Drivers 
= Provides Advanced Commands 
= Provides Wide Flexibility in System = Configurable for Use with an I/O Bus 
Configurations 
= Military Temperature Range: = Facilitates Interface to One or Two 
—55°C to +125°C Multi-Master Busses 


The Intel® M8288 Controller is a 20-pin bipolar component for use with medium-to-large iAPX 86, 88 processing systems. 
The bus controller provides command and control timing generation as well as bipolar bus drive capability while 
optimizing system performance. 


A strapping option on the bus controller configures it for use with a multi-master system bus and separate I/O bus. 


MRDG 0B _J2 19} | SI 
MWTC SYSB/RESB[ |3 18f ]SaQ 
AMWC | MULTIBUS™ RESB[_]4 171] CLK 


lORC COMMAND BCLK(_]5 BUS 16{[ ]LOCK 


iOowc SIGNALS INIT _]6 15| | CRQLCK 
AIOWC 


= BREQ | _|7 147 | ANYRQST 
BPRO [_|8 13] | AEN 
BPRN |_]9 121 |] CBRQ 
DT/R ADDRESS LATCH, DATA GND [_]10 11[_] BUSY 
DEN __| TRANSCEIVER, AND 
MCE/PDEN | INTERRUPT CONTROL 
ALE SIGNALS 


COM- 
MAND 
SIGNAL 
GENER- 
ATOR 


CONTROL 


CONTROL SIGNAL 


INPUT 


Figure 1. Block Diagram GND Vee 


|= 
PROCESSOR 
STATUS | 
MULTIBUS 
INTERFACE 


CONTROL/ 
STRAPPING 
OPTIONS | 


RESB \ SYSTEM 
{ SIGNALS 


Figure 2. Pin Configuration 
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*NOTICE: Stresses above those listed under “Absolute 


ABSOLUTE MAXIMUM RATINGS* Maximum Ratings” may cause permanent damage to the 

device. This is a stress rating only and functional opera- 
Temperature Under Bias............... —55°C to 125°C tion of the device at these or any other conditions above 
Storage Temperature ................ —65°C to +150°C those indicated in the operational sections of this 
All Output and Supply Voltages ......... —0.5V to +7V specification is not implied. Exposure to absolute maxi- 
All INGUE VGIAQGS .<ccsawesccdneneegass —1.0V to +5.5V mum rating conditions for extended periods may affect 
POWor DISSIDANON «<5 .caccscscnsvneneereeacan 1.5 Watt device reliability. 


D.C. CHARACTERISTICS (Vcc =5V +10%, Ta = —55°C to 125°C) 


Parameter 


Output Low Voltage— 
Command Outputs 
Control Outputs 


VOH Output High Voltage— 
Command Outputs 
Control Outputs 


2.4 
“Vig [input tow Vottage 
Min 2.0 | 
aes 


Input High Voltage 
Output Off Current 


A.C. CHARACTERISTICS (Vcc =5V +10%, Ta = —55°C to 125°C) 
TIMING REQUIREMENTS 


[Symbot | Parameter| Min | Max | Unit | Test Conditions 
Croct | GK Gyele Period tes os 
CToLcH | CLKtow Time —=S=~=“s*“‘*~*~‘“‘“‘~‘~sSC‘SSCYSC“‘C_™C NS SCS 

TCHCL | CLKHighTime—=S=~=~—~—~—~—~—*~*~sSCSSSSC*dCns SSCS 
CTsvcH | Status Active Setup Time —=~=S=~=~—C=C=<‘iSSYSCS*C“‘L ONS OCS 
CTCHSV [Status Active Hold Time —~=~S~S~—dC=C~<‘aOSCSSSC*“‘C@SS*(SOOOCOCSC~C~*S 
CTSHCL | Status inactive Setup Time —=~S=S=~—d~=<i SYS‘ SCT 
CTCLSH | Status inactive Hold Time —=S=~dY=C‘iO]SSCid ns | 
CTL [Input Rise Time —=S=~=~“~*~*~—sS*~<“~*~‘~*rtSC« SCs | Prom OB OO 
CTiniL [Input FallTime —=~=S=~*~<“~*~“~*~*~S*~C“~*~“~*~*tSCSiSC*YCns | From 2.0V tO BV 
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A.C. CHARACTERISTICS (Continued) 


TIMING RESPONSES 


[Symbol | Parameter —~—~=~S~*~*«~YC‘iGin | ~Max | Unit fest Conditions —_—_—| 
CTovNv | Gontrot Active Delay SSCP 

Crevnx | Gontror inactive Delay ——*#| 10) 50) ns 
CTCLLH,TCLMGH | ALE MCE Active Delay (rom CLK) || 25 =| ns 
TSVLH, TSVMCH | ALE MCE Active Osly (rom Status) | MOC 


AEN to DEN 


CHEN to DEN 20 
TCEVNV CEN to DEN, POEN SSS 80 ns 
TCELRH TCEN to Command —SS*dYS*~SCLME | 
CTOLOH | OutputRise Time —=S=~—SC<“<~*‘“*~rSCOS*dCns irom OO 
[TOHOL | OutputFaTime —~—~—~S~S«d~SCt*=“‘t*é‘“dtCSCS*d;SCns (Prom 2.0V to BV 


TAEVNV 


A.C. TESTING INPUT, OUTPUT WAVEFORM 


INPUT/OUTPUT 


1.5 <—— TEST POINTS —— 1.5 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC “1° AND 0.45V FOR 
A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC “1° AND “0.” 


TEST LOAD CIRCUITS —3-STATE COMMAND OUTPUT TEST LOAD 


2.01V 2.28V 


Tee 1142 
ns OUT 
in pF T 


80 pF 


in pF 


“STATE T . 
3 E TO HIGH 3-STATE TO LOW TEST LOAD 


COMMAND OUTPUT CONTROL OUTPUT 
TEST LOAD 
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WAVEFORMS 


DEN, PDEN QUALIFICATION TIMING 


TAEVNV ——> 


TCEVNV 


ADDRESS ENABLE (AEN) TIMING (3-STATE ENABLE/DISABLE) 


|< TAELCV 


OUTPUT 
COMMAND 


CEN 
TCELRH = 


NOTE: CEN must be low or valid prior to T2 to prevent the command from being generated. 
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WAVEFORMS (Continued) 


ADDRESS/DATA 


MRDC, IORC, INTA 
AMWC, AIOWC 


MWTC, iOWC 


n(READ) 


DEN NTA) 


DEN (WRITE) 


PDEN (WRITE) 


DT/R (READ) 
(INTA) 


NOTES: 


1. ADDRESS/DATA BUS IS SHOWN ONLY FOR REFERENCE PURPOSES. 


TCHSV—+ 


TCHDTH—+> 


TCLMCH— 


—| 


ADDR 
VALID 


—+- TCHDTL 


| | 
™— TSVMCH 


2. LEADING EDGE OF ALE AND MCE IS DETERMINED BY THE FALLING EOGE OF CLK OR STATUS GOING ACTIVE, WHICHEVER OCCURS LAST 
3. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS SPECIFIED OTHERWISE. 
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M8289 
BUS ARBITER 


MILITARY 
=» Provides Multi-Master System Bus = Four Operating Modes for Flexible 
Protocol System Configuration 
= Synchronizes iAPX 86, 88 Processors 
with Multi-Master Bus = Compatible with Intel Bus Standard 
= Provides Simple Interface with 8288 MULTIBUS™ 
Bus Controller 
# Military Temperature Range: =» Provides System Bus Arbitration for 
—55°C to + 125°C 8089 IOP in Remote Mode 


The Intel® 8289 Bus Arbiter is a 20-pin, 5-volt-only bipolar component for use with medium to large iAPX 86, 88 
multimaster/multiprocessing systems. The 8289 provides system bus arbitration for systems with multiple bus 
masters, such as an 8086 CPU with 8089 IOP in its REMOTE mode, while providing bipolar buffering and drive 
Capability. 


ARBITRATION INIT s2[ 11 20{ ]Vcc 
BCLK 
a 2 19 | 
BREQ MULTIBUS™™ 1OB | = ws 
S2 arenpace BPRN ; COMMAND SYSB/RESB [_]3 181 150 
8086/8088/8089 = thea — SIGNALS 
BPRO 
STATUS | = ato GENERATOR aUSY RESB |_}4 17|_] CLK 
0 oo se) es 
K(15 BUS 161 ]LOCK 
Ty SBRG BCLK L_] 
ee INIT |_| 6 151] CRQLCK 
aor BREQ | _|7 14] |] ANYRQST 
PROCESSOR CRQLCK BPRO |_|8 13] | AEN 
CONTROL RESB AEN BPAN (19 121] GBRO 
ANYRQST Perea 
— SYSTEM GND [_]10 |_| BUSY 
1OB SIGNALS 
SYSB/RESB 


GND Vcc 


Figure 1. Block Diagram 


PROCESSOR [— — 
STATUS mehK 
BREO | muctipus 
BPRN / INTERFACE 
BPRO 
=<. BUSY 
CONTROL/ AROLCK _—— 
STRAPPING caitiea 
OPTIONS 
<— SYSB/RESB \ SYSTEM 
AEN { SIGNALS 


Figure 2. Pin Configuration 
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*NOTICE: Stresses above those listed under “Absolute 


ABSOLUTE MAXIMUM RATINGS* Maximum Ratings” may cause permanent damage to the 

device. This is a stress rating only and functional opera- 
Temperature Under Bias ............. ~55°C to +125°C tion of the device at these or any other conditions above 
Storage Temperature ................ =—65°C to +150°C those indicated in the operational sections of this 
All Output and Supply Voltages ......... —0.5V to +7V specification is not implied. Exposure to absolute maxi- 
All Input Voltages ..................... —1.0V to +5.5V mum rating conditions for extended periods may affect 
Power Dissipation ..............0.0 cece eee eeee 1.5 Watt device reliability. 


D.C. CHARACTERISTICS (Tag = —35°C to +125°C, Veg = 5V +10%) 


"Symbol | Parameter —~—=~=~S*~*~*~*~*~YCS*«éain~«YSSMax «| t | ‘Test Conditions 
Vo | Input Clamp Voge ——SSSC~dSSSC*dYSSC OV «Vgc = 4.50, Ig = 8 mA 
Tip | Input Forward Current ——~—S«dtSSSCS~*dCSCSC~ S| mA ‘Vgc = 8 50V, Vp = O48 
Tin | Reverse input Leakage Current |_| 60| A | Voc = 8.80, VR=5.50 


VoL Output Low Voltage 


BUSY, CBRO 0.45 V lo. = 20 mA 
AEN > 0.45 : lo. = 16 mA 
BPRO, BREQ 0.45 lo. = 10 mA 
BUSY, CBRQ Open Collector 
ce eer cee 
Meg | Power Supply Current 0 mm 
"Vi | InputLow Voltage SSSSs|SCSCSC*dSSC(‘“‘<SCST CT UVCSSOTTCS™ 
Vin | InputHigh Voltages; CdTCOC™C~™SOCSCS 
“Gin Status | Input Capacitance | Sd SSC SCS™~SCSCS 
Gin(Others) | Input Capacitance ———Ssd| ~SSSd| S| S| C™C™~SCS 
A.C. CHARACTERISTICS (Vcc = 5V + 10%, Ta = —55°C to +125°C) 
TIMING REQUIREMENTS 
[Symbol_[ Parameter ~~ —SMin~—~*(|_—‘Max | Unit | Test Conditions —_—_— 
TTCLCL | OLKGyclePeriod S| ~St25SCO|SSSC*d;Cis— 
TOLCH | ClKlowTime —Ss| Si] SSC*d Cs‘ 
TTCHCL | CLKHighTime S| SS SCd|SSSSCdCs—| 
TSVCH | Status Active Setup =| =i —=«d;CSTCLCLIO. | ns ‘| 
TTSHOL | Status Inactive Setup _——~«|_——<S0~——~*«|;«STCLCL-10_~| ns 
CTHVCH | Status ActiveHold «| ~—S10SSi«d|Sid; Cs — 
THVCL | StatusInactiveHold | 10S SSCid Cs 
TBYSBL | BUSY{/SetuptoBCIK) | 20] Sis 
"TCBSBL | CBRG//SetuptoBCLK) | 20S] Sis 
"TBLBL | BCLKCycleTime ———~«| ~—~—S«st00~Ss«|SS=d—Cis‘—' 
"TBHCL | BCLKHighTime =| ~—=—«80—=*;é@STTBLBL] | ns 
PTCLLLT | COCKinactiveHold «| —S20S|SC sis‘ 
TOLLL2 | LOCK Active Setup | S40] Sins 
TPNBL | BPANT| to BCLK| Setuptime | 15 | ———~«dt_ns | 
TOLSRY ee a ee ee 
il a 
a TCLCL 
dS 0s | Fromoavtoa0v 
CTL | _InputFalltime—~—~«|~=~=SSSSC«d ~~ —=«dYsins*'| From2.0Vtoosv 
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A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 


"Symbol_| Parameter _——=—~—~=S*~*~«~SCS*én~—=«|~S«Max—‘|_Unit_| Test Conditions 
TBLBRL | BCLK to BREG Delay a 
TBLPOH BCLKto BPRON (SeeNote1) | = | 40 | ns | 


ee 

(See Note 1) 
BCLK to BUSY Low a 
-TBLBYH | BCLKtoBUSYFloat(SeeNotea) | «(| 38Sitsns «| SSS 
TCLAEH | CLKtoAENHigh |] SSSCS~=~iSC‘“‘a@‘SCSCO#*SCCONS [OSS 
a 


ee 

TBLCBH | BCLKtoCBROFloat(SeeNote) | —+| a8—=it ns <| SOS 
TTOLOH | OutputRise Time === ~SCSC*~<~*é~dCS~“<‘ S*dCns rom OO OV 
/TOHOL | Output Fall Time —=S=S~=~—dSC<“*~“*~*~dSCS*‘SSC*dSCs = Prom Vt OV 
NOTES: 


1. BCLK generates the first BPRO wherein subsequent BPRO changes lower in the chain are generated through BPRN. 
2. Measured at .5V above GND. 
3. Denotes that spec applies to both transitions of the signal. 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


DEVICE 
1.5 <«——- TEST POINTS ———® 1.5 OTEST. 


0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC “1” AND 0.45V FOR 
ALOGIC 0.” THE CLOCK IS DRIVEN AT 4.3V AND 0.25V. TIMING MEASURE- C, = 100 oF 
MENTS ARE MADE AT 1.5V FOR BOTH A LOGIC "1" AND “0.” - P 


C, INCLUDES JIG CAPACITANCE 


A.C. TEST CIRCUITS 
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WAVEFORM 


OPERATION 


Voc AT 5V +10% —» 


INITIALIZATION: INIT CAN BE EITHER PULSED OR HELD LOW THROUGH POWER UP. 
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M8741A 


PRELIMINARY 


UNIVERSAL PERIPHERAL INTERFACE 
8-BIT MICROCOMPUTER 
MILITARY 


a 8-Bit CPU plus EPROM, RAM, I/O, Timer 
and Clock in a Single Package 


= One 8-Bit Status and Two Data Regis- 
ters for Asynchronous Slave-to-Master 
Interface 


a DMA, Interrupt, or Polled Operation 
Supported 


= 1024 x 8 EPROM, 64 x 8 RAM, 8-Bit 
Timer/Counter, 18 Programmable 
I/O Pins 


a Fully Compatible with MCS- 48° MCS- 80, 
MCS-85: and iAPX 86, 88 Families 


a Expandable I/O 
= Over 90 Instructions: 70% Single Byte 


= Military Temperature Range: 
— 55°C to +100°C 


The Intel® M8741A is a general purpose, programmable interface device designed for use with a variety of 8-bit micropro- 
cessor systems. It contains a low cost microcomputer with program memory, data memory, 8-bit CPU, I/O ports, 

timer/counter, andclockina single 40-pin package. Interface registers are included to enable the UPI device to function as 
a peripheral controller in MCS-48° MCS- 80° MCS-85°iAPX 86, 88 systems. 


The M8741A has 1K words of program memory and 64 


words of data memory on-chip. The device has two 8-bit, TTL 


compatible I/O ports and two test inputs. Individual port lines can function as either inputs or outputs under software control. 
I/O can be expanded with the M8243 device which is directly compatible and has 16 I/O lines. An 8-bit programmable 
timer/counter is included in the UPI device for generating timing sequences or counting external inputs. Additional UPI 
features include: single 5V supply, single-step mode for debug and dual working register banks. 


Because it’s a complete microcomputer, the UPI provides more flexibility for the designer than conventional LSI inter- 
face devices. It is designed to be an efficient controller as well as an arithmetic processor. Applications include key- 


board scanning, printer control, display multiplexing 
devices to microprocessor systems. 


INTERNAL 
BUS 


~ 
(8) 


OBB 
STATUS 
REGISTER 


PROGRAM 
STATUS 


MASTER 
SYSTEM 
INTERFACE 


Ly ARITHMETIC 
LOGIC UNIT 


REGISTER 


XTAL1 ———+ 


LC, OR- TIMING 


CLOCK = 
= 
Voo > PROM PROGRAM SUPPLY | 
POWER Vcc—————~ + 5 SUPPLY 
[ Vss GROUND 


CRYSTAL 


10 BIT 
PROGRAM 
COUNTER 


Figure 1. Block Diagram 


REG. BANK 1 


and similar functions which involve interfacing peripheral 


40] Vcc 

39{_ JTEST 1 

38 [_] P27/DACK 
37 [_] P2e/DRQ 


DATA 
MEMORY 


ssCi5 36 [-) Pas/IBF 

csCj6 35 |] P2g/OBF 
REG. BANK 0 EA 17 347 P47 

RoC] 8 33 [P16 


| 


| PERIPHERAL AoC) 9 32 [-) P15 

INTERFACE WRC 10 31 P14 

: aie SYNC] 11 M8741A 391) P43 
4 20 

Par Do (J 12 29 [) P12 

Di{_] 13 28] | P4141 

D2] 14 27) P10 

PROMIROM D3 (_] 15 261 ]Vpo 
PROGRAM | 

MEMORY CONDITIONAL |~ TESTO Da] 16 251] PROG 

pci Ds] 17 24) P23 

et De] 18 23 [-] P22 

07 [J 19 P21 

Vss LJ 20 21 {_] P20 


8-BIT 
TIMER! 
EVENT COUNTER 


| 
-_———_ 


Figure 2. Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Ambient Temperature Under Bias...... -55°C to 100°C tion of the device at these or any other conditions above 
Storage Temperature ............. — 65°C to + 150°C those indicated in the operational sections of this specifi- 
Voltage on Any Pin With Respect cation is not implied. Exposure to absolute maximum 

TOGIGURG 64.56 0c6656 eee eeoeeenevs —0.5V to +7V rating conditions for extended periods may affect device 
Power Dissipation ........... 2. ccc eens 1.5 Watt reliability. 


D.C. CHARACTERISTICS (Ts = —55°C to 100°C, Voc = Vpp = +5V +10%) 


Symbol Max 
input Low Voltage (XTAL, XTAL2 RESET) | -0. 


Was Input High Voltage (XTAL1, XTAL2, RESET) 3. 


Test Conditions 


on 


=< 
ey 


ine) 


in 
elel<lslele 
on| om on 


Voc 
Voc 


0 Output Low Voltage (Dy-D7) | | O. lol =1.2 mA 
Vout Output Low Voltage (PoP 47, PooPo7, Sync) | 
Voi2 Output Low Voltage (Prog) Lf 0.45 


Von Output High Voltage (Dp-D7) ; 
Vont Output High Voltage (All Other Outputs) 


Input Leakage Current (Ty, T;, RD, WR, CS, Ao, EA) 
Output Leakage Current (Dp-D7, High Z State) 
Low Input Load Current (P49P47, PapP 27) 

Low Input Load Current (RESET, SS) 


if 


Oo 
N 
I+ 
atk, | scent 
oO| oO 


—|— < 
= 


Typical =10mA 
A Typical = 80 mA 


Vop Supply Current 
Total Supply Current 


ie) 

is 
oO 
OO!) ™N 


=" 
on 
Oo. 


ale 
oh) 
>| > 


A.C. CHARACTERISTICS (tT, = —55°C to 100°C, Voc = Vpp = +5V +10%) 
DBB READ 


| Symbol | Parameter Min. Unit | Test Conditions 
GS, Ap Setup to RDI 


Max 
i co fe 

tae [RD Pulse with SSSS~SS Rds 

a a ae 

<a 


RD! to Data Out Delay bP ns C, = 150 pF 
tor RD! to Data Float Delay 100 ns 
tcy Cycle Time 4.17 15 us 3.6 MHz XTAL 
DBB WRITE 


CS, Ap Setup to WR! 


Symbol win 
a a : 

twa | G5, Ay Hold AfterWAT SSCS 

—" 350 
te 200 


wa 
WR Pulse Width 350 
Data Setup to WR! 200 
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A.C. CHARACTERISTICS (Continued) 
PORT 2 


sn on on Test Conditions 


Port Control Setup Before Falling 
Edge of PROG 

Port Control Hold After Falling 
Edge of PROG 


a PROG to Time P2 Input Must Be Valid ee 


aan Output Data alin Time a 
af | PROS Pulse Wt af 


| Symbol — Parameter | Min. | Max. | 
AD or WR to DACK a 
Loe! 
a 


300 ns C, = 150 pF 


ns 
DACK to Data Valid 
RD or WR to DRQ Cleared 


A.C. TESTING INPUT, OUTPUT WAVEFORM 


INPUT/OUTPUT 


INPUTS C, = 150 pF 
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WAVEFORMS 


PORT 2 


SYNC 


EXPANDER 


a 
OUTPUT PORT 209.3 DATA PORT CONTROL \ OUTPUT DATA > 
| 


EXPANDER 


PORT ne 'PF 


PORT 


PORT 29.3 DATA (| PORT CONTROL > : pope » 
= !|Cp—+ = tpc— 


a | | : ele a 


DATA BUS 
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16,384-BIT EPROM WITH I/O 
*Directly Compatible with M8085A CPU. 


a Military Temperature Range: 
— 55°C to + 100°C 


mw 2048 Words x 8 Bits 
a Single +5V Power Supply (Vcc) 


m U.V. Erasable and Electrically 
Reprogrammable 


MILITARY 


internal Address Latch 
2 General Purpose 8-Bit I/O Ports 


Each I/O Port Line Individually 
Programmable as Input or Output 


Multiplexed Address and Data Bus 
40-Pin DIP 


The Intel® M8755A is an erasable and electrically reprogrammable ROM (EPROM) and 1/O chip to be used in the MCS-85™ 
microcomputer system. The EPROM portion is organized as 2048 words by 8 bits. 


The I/O portion consists of 2 general purpose |/O ports. Each I/O port has 8 port lines, and each I/O port line is individually 


programmable as input or output. 


PORTA 


PORT B 


PROGICE; Los Vee (+5V) 
Vop Vss (0V) 


Figure 1. Block Diagram 


(oe 
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ABSOLUTE MAXIMUM RATINGS* *NOTICE: Stresses above those listed under “Absolute 


Maximum Ratings’’ may cause permanent damage to the 


Temperature Under Bias .......... — 95°C to + 100°C device. This is a stress rating only and functional opera- 


Storage Temperature ............. —65°C to + 150°C tion of the device at these or any other conditions above 
Voltage on Any Pin those indicated in the operational sections of this specifi- 

With Respect to Ground ............ —0.5V to +7V cation is not implied. Exposure to absolute maximum 
Power DISSIPGHON. «euceuvnsesseunnedass thawws 1.5W rating conditions for extended periods may affect device 
“Except for programming voltage reliability. 


D.C. CHARACTERISTICS (Ta = —55°C to +100°C, Voc = Vpp = +10%) 


VIL 

VIH 

VOL 

VOH 

fn 
loc 


| oe eens 
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A.C. CHARACTERISTICS (Ty = —55°C to 100°C, Voc = Vpp = +10%) 


Parameter 


Test Conditions 


CLoap= 150 pF 


Clock Cycle Time 

CLK Pulse Width 

CLK Pulse Width 

CLK Rise and Fall Time 

Address to Latch Set Up Time 
Address Hold Time after Latch 

Latch to READ/WRITE Control 

Valid Data Out Delay from READ Control 
Address Stable to Data Out Valid 
Latch Enable Width 

Data Bus Float after READ 
READ/WRITE Control to Latch Enable 
READ/WRITE Control Width 

Data In to WRITE Set Up Time 

Data In Hold Time After WRITE 
WRITE to Port Output 

Port Input Set Up Time 


NI 
a) 
= w 
S ro) 


NIN 
ou mo) 


Port Input Hold Time 

READY HOLD TIME 

ADDRESS (CE) to READY 
Recovery Time Between Controls 
Data Out Delay from READ Control 
ALE to Data Out Valid 


oak 
io) 
ak 
io) 


*Tap—(TaL + Tic), whichever is greater. 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


2.0 DEVICE 
NDER 


U 
»> TEST POINTS — TEST 
C, = 150 pF 


0.8 
0.45 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR ALOGIC “1° AND 0.45V FOR 
A LOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC “1° C, = 150 oF 
AND 0.8V FOR A LOGIC 0 L= p 
C, INCLUDES JIG CAPACITANCE 
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Microprocessor 
Workshops 


Intel Microcomputer 
Workshops 


Training in 
Microcomputers 


Whether your present involve- 
ment with microcomputers is a 
result of long-term planning or 
simply an exploratory project 
undertaken by your company 
in response to external 
circumstances, there exists an 
obvious and urgent need for 
you to familiarize yourself with 
this exciting new technology 
as quickly and painlessly as 
possible. If the microcomputer 
is, or is destined to become, a 
part of your working scene 
(and there is no field of manu- 
facturing or data processing it 
will not touch sooner or later) 
then the importance of 
carefully planned training 
cannot be over-emphasized. A 
modest outlay in time and 
money now can save many 
weeks of self-study and could 
well prevent some very 
expensive mistakes during the 
initial development of your 
systems. 


Why Intel Training? 


EXPERIENCE 

Intel has been training 
engineers in the application of 
microprocessors and the 
development of microcom- 
puter systems since the early 
70's, and there are now many 
thousands of engineers cre- 
ating the most advanced 
microcomputer systems as a 
direct result of successful 
training with us. 


VARIETY OF COURSES 

Intel Microcomputer Work- 
shops offer training at three 
levels — introductory, inter- 
mediate and advanced. Your 
particular training require- 
ment may involve just one or 
several courses, SO we have 
taken care to ensure that each 
Workshop is a high quality 
training module that can 
either stand independently or 
integrate with other modules 

to form a complete coverage 
of our subject. The Workshops 
are constantly being updated 
to include the latest develop- 
ments in devices and support 
software, and course materials 
are similarly reviewed on a 
regular basis — both for clarity 
and content. 


PRODUCT KNOWLEDGE 

As the designers and 
manufacturers of the most 
widely accepted microcom- 
puter products in the world, 
our knowledge is both 
comprehensive and topical. 
Remember the saying about 
‘the horse's mouth’! 


EXTENSIVE MATERIAL 
Teaching aids include slide 
and video tape equipment, 
student notebooks and a wide 
range of printed materials 
which are designed to provide 
post-training assimilation and 
act as practical reference 
manuals in your own 
laboratory. 


“HANDS-ON” EXPERIENCE 
We believe that students learn 
better by doing than by 
listening, so a sizeable 
proportion of course time is 
devoted to dynamic training 
via the Intellec MDS develop- 
ment system, appropriate 
single board computers, In- 
Circuit Emulators (ICE), I/O 
units for programming exer- 
cises, and computer kits for 
design and debugging ses- 
sions. Each student therefore 
receives valuable ‘hands-on’ 
experience of the principles 
and techniques featured in the 
lecture sessions. 


Where is Intel Training? 


TRAINING CENTERS 
Workshops are scheduled 
nearly every week of the year 
in our three regional training 
centers: 
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BOSTON AREA 

Intel Customer Training 
27 Industrial Ave. 
Chelmsford, MA 01824 
(617) 256-1374 


CHICAGO AREA 

Intel Customer Training 
Gould Center, East Tower 
2550 Golf Rd., Suite 815 
Rolling Meadows, IL 60008 
(312) 981-7250 


SAN FRANCISCO AREA 
Intel Customer Training 
1350 Bordeaux Dr., SV3-1 
Sunnyvale, CA 94086 
(408) 734-8102 


ADDITIONAL LOCATIONS 
Courses have been scheduled 
in 35 additional locations 
across the U.S., Canada, and 
Mexico. These cities include 
Los Angeles, Washington, 
Dallas, Minneapolis, New York, 
Atlanta, and Ottawa. Intel 
Workshops are also available 
in major European cities and 
Japan. (See local workshop 
brochure) 


CUSTOMER-SITE WORKSHOPS 
All workshops detailed in the 
following pages can, by 
special arrangement, be 
presented with full laboratory 
equipment by Intel instructors 
at your facility. Considering the 
transportation and lodging 
savings, the breakeven point is 
typically 5-7 attendees. For 
further information about on- 
site training, please contact 
your nearest regional training 
center. 


EVENING WORKSHOPS 

If you cannot find time to 
attend our day-time work- 
shops, check the schedule for 
our evening workshops. 
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Which Workshops Should 
You Attend? 


As a DESIGN ENGINEER or 
SYSTEM ENGINEER with a 
good understanding of digital 
electronics, you might start 
with the MCS-48/49, MCS-51, 
MCS-80/85, or iSBC Workshops. 
If you lack the digital 
electronics background, start 
with the Introduction to Micro- 
computers Workshop. Unless 
you have working experience 
with microprocessor-based 
design and assembly lang- 
uage programming, you 
should attend the MCS-80/85 
Workshop prior to attending 
the iAPX86,88 Workshops. 


As a PROGRAMMER, you may 
be ready to start with the iSBC, 
PASCAL, or PL/M Workshops; 
however, if you intend to use 
assembly language the MCS- 
48/49, MCS-51, MCS-80/85, or 
iAPX86,88 Workshops should 
be attended first. We suggest 
that you also consider the 
Introduction to Microcompu- 
ters Workshop to gain basic 
knowledge of digital electron- 
ics and machine language, 
since these topics are usually 
much more important to the 
microcomputer programmer 
than to the minicomputer or 
large computer programmer. 


As a MANAGER, ADMINISTRA- 
TOR, or PROJECT MANAGER 
wishing an overview of this 
new field, the Microcomputer 
Concepts for Managers Work- 
shop would be suitable; or if 
you want more details, the 
Introduction to Microcom- 
puters Workshop is recom- 
mended. 


If you have sufficient working 
experience with microcom- 
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Which Workshops Should 
You Attend? 


Recommended Sequence of Workshops 


INTRODUCTION TO 
MICROCOMPUTERS 


WORKSHOP 
MCS-48/49 
WORKSHOP 
MCS-51 
WORKSHOP 
iSBC MCS-80/85 
WORKSHOP WORKSHOP 


INTELLEC 
MOS 


DATA COMM. 
WORKSHOP 


GPIB 


WORKSHOP 


ICE-86 AND 
iAPX86/21 
WORKSHOP 


PL/M-86 
WORKSHOP 
iRMX 86 
WORKSHOP 


iAPX86.88 
WORKSHOP 


PL/M-80 
WORKSHOP 


RMX/80 
WORKSHOP 


puter hardware and software 
you might attend any of the 
Intel Workshops without first 
attending a prerequisite 
workshop; however, since 
microcomputers are new to 
many people, we recommend 
the sequence indicated in the 
chart for those who want to 
advance their microcomputer 
education. 

OS RSD UST SS aS I a NN IS a IES AS LT ET SIAR AD 


Announcing .... 


New MCS-51™ 
Microcontroller 
Workshop 


This new 4-day workshop will 
give a boost to your first 8051 
based project or allow you to 
evaluate the 8051. The 
workshop covers the architect- 
ture, instruction set, and 
software development pack- 
age of this new single chip 
microcontroller. (See 


page 18) 
New Data Communication 
Chips Design Workshop 


This new workshop focuses on 
bit-serial synchronous commu- 
nication modes and devices, 
and provides both an 
overview and hands-on lab for 
data communications. (See 
page 19) 


New IEEE-488 GPIB 
Workshop 

This course introduces the 
concepts and specifications of 
the IEEE-488 General Purpose 
Interface Bus by design and 
implementation with the Intel 
IEEE-488 chip set. (See 

page 19) 


New ICE-85"™ User's 
Workshop 


This 3-day workshop provides 
intensive and comprehensive 
training on the ICE-85 In- 
Circuit Emulator hardware/ 
software debug tool through 
lecture and hands-on labor- 
atory. (See page 21 ) 

New Training Center 
Facilities and Labs 
Responding to your request, 
we have significantly in- 
creased the number of Intellec 
Microcomputer Development 
Systems and other lab 
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equipment in our training 
centers. We had to move to 
new facilities to accomplish 
this, but our goal is to deliver 
the best training you can get 
your hands-on. 


New Workshop Vans for 
More Hands-On at Your Site 


We have outfitted three vans 
with new Intellec Microcom- 
puter Development Systems 
and ICE In-Circuit Emulators, 
sO we can easily bring our 
extensive workshop lab equip- 
ment to your facility. 


New Video Tape Library 


ICE CONCEPTS 

Intended for users of an In- 
Circuit Emulator, this 22-minute 
color video tape demonstrates 
the unique capabilities of ICE 
debug tool, including the 
debugging of an actual traffic 
control application. 


INTELLEC® MICROCOMPUTER 
DEVELOPMENT SYSTEM 
OPERATION 

Intended for users of an 
Intellec 220, 225, 230, 235, 240, 
or 245 system. This 20-minute 
color video tape shows how to 
power-on the system, handle 
the floppy disk, edit a file with 
the CRT editor CREDIT, and 
use simple ISIS-I] commands 
like COPY, DELETE, and 
DIRECTORY. 


Both are available in 3/4” and 
1/2” video tape cassette 
formats at $250.00 per copy. 
Order from the San Francisco 
Area Training Center, 

(408) 734-8102. 
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Intel Microcomputer Workshop Schedule 


ee 
30| 6| 13]20/27| 4/11] 18) 25] 1 | 8 | 15} 22429] 6 |13] 20127] s | 10117] 24]31] 7 | 14[21]28| 
Meompuon ceca) mm [| | PT LT TPT TTT LTT TIT PT TTT 
as (4days) M-TH 

rer TTT TT PLT TT TT PETE EP 
cme t T (tet | eee HP pty te 


iSBC Single BoardComputer | | | 


PL/M-80 Language/Software 
Design 
ee PEPEPEPE UEP PEPS aL 


ICE 86, 88 and iAPX 86/21 


PL/M-86 Language/Software 
Design 


Workshops’ 


ie odie ele er Gein Coe ee 
IRMX 861/0 System SCOPE 
IMCS 48/49 System Design |B | 


MCS-51 Microcontroller(4 days) 

M-TH 
ee ECCCLECEEEEECLCEPEE ELL 
Data Communications Chips 

(4days) M-TH 
fener TTT TTP 
Intellec See re System 

mes ae days) M-W 


ICE 85 Users [ICE 85 Users(3days) M-W_ | days) M-W pe atte 


Operating Systems for 8-Bit 
Micros 


*All workshops 5 days unless otherwise noted. ‘**See page 7 for additional offerings 


Training Center Location Telephone Other Areas 


Boston 27 Industrial Ave. D Dallas. TX 312-981-7250 
Chelmstord.MA 01824 | 617-256-1374 | cc. oo reed eis gee 

Chicago 2550 Golt Rd.. Suite 815, | p Philadelphia, PA | 617-256-1374 | 
Rolling Meadows. IL 60008 | 312-981-7250 

San Francisco | 1350 Bordeaux Dr. W__Washington DC 617-256-1374 


Sunnyvale, CA 94086 408-734-8102 


Registration 


To enroll in a scheduled workshop, call the appropriate Intel Training Center listed above 
between the hours of 8-12 and 1-5, and ask for Customer Training. 


Since enrollment is limited, registration 4-8 weeks in advance is recommended. 


Confirmation Payment Group Rate Tuition Policy 
Aconfirmationletterwillbesent DUE BEFORE THE WORKSHOP Tuition is at a group rate 

to you specifying details of BEGINS. Tuition and schedule when an organization enrolls 
workshop time, location, subject to change. 3 or more people in the same 
directions, and lodging. course, (same date and 


location). Groups are eligible 
for this discount only when 
enrollment and pre-payment 


are made together. 
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Introduction to 
Microcomputers Workshop 


Included in the price of the course is an SDK-85 
kit which includes: 

3 MHz 8085 CPU (enhanced 8080) 

Keyboard — 24 keys 

Display — 6 digits 

Monitor ROM 2048 bytes 

RAM Memory 256 bytes 

38 I/O lines 

Teletype interface 

Complete documentation 


Introductory 


Course Description 


® Fundamental computer 
concepts and terminology 
introduced 

@ Operation of the Intel 8085 
microprocessor explained 

@ 8085 assembly language 
programming 

® Stacks, subroutines, inter- 
rupts and I/O interfacing 
introduced 

@ Lab sessions on SDK-85 
system Design Kit 

@ An SDK-85 Kit (valued at 
$300) is yours to keep 


Attendees 


Engineers, scientists, or other 
technical people with limited 
computer or digital electronics 
background 


Length: 4 Days 


Tuition: $895 (includes 
SDK-85 Kit) 
$775 (Group rate) 


Course Outline 


DAY 1 

Introduction to Microelectronics 
Computer Concepts 

Computer Languages 

Using the SDK-85 

Lab: Kit Operation and 
Programming 


MovingData 

DAY 2 

Delay Loops 

Lab: Audio Oscillator using 
Digital Techniques 

Subroutines 

Stack Operation 

Lab: Using Subroutines 


DAY 3 

Logic Instructions 

Lab: Handshaking Techniques 
Addition 

Lab: Multi-Function Programs 


Microprocessor Operation _ 


DAY 4 

Interrupts 

Memory Operation and Address 
Decoding 

Programmable Peripheral Chips 

Lab: Chip Programming Excer- 
cises 

Introduction to the Development 
System, ICE, Assembler, and 
Higher Level Languages 

Course Summary and Review 
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MCS‘-80/85 System 


Design Workshop 


8080/8085 


Course Description 


e 8085 architecture explained 
in detail 

e Assembly language pro- 
gramming for 8080/8085 

@ Design and development of 
systems using Intel 8080, 
8085 chips 

e Interfacing and program- 
ming techniques 

@ Lab sessions “hands-on” 
using the Intellec Series II 
microcomputer development 
system 

@ ICE-85 In-Circuit Emulator 
used to debug programs 


Attendees 

@ Design engineer or pro- 
grammer who is familiar 
with binary numbers and 
logic functions 

e Prior attendance at Intro- 
duction to Microcomputers 
Workshop or equivalent 
knowledge is recommended 


Length: 5 Days 


Tuition: $895 
$775 (Group rate) 


Course Outline 


DAY 1 

Introduction to Microprocessors 

Assembly Language Instructions 

Programmed Input and Output 

Microcomputer Development 
System Monitor 

Lab: Using System Monitor 


DAY 2 

Microcomputer Development 
System Disk Operating System 

CREDIT Text Editor and Macro 
Assembler 

The Processors 

Lab: Using Text Editor and 
Assembler 


DAY 3 

Stacks and Subroutines 

Interrupts 

Input and Output Techniques 

Programming Techniques 

Lab: In-Circuit Emulator Intro- 
duction 


DAY 4 

In-Circuit Emulator 

8155, 8355, 8185 Peripherals 

Memory Interfacing 

Lab: Using 8085 In-Circuit 
Emulator 

DAY 5 

8255 and 8251A Peripherals 

Tools for Modular Program 
Development 

Chips vs. Boards 

Preview of 8088 


AFN 01608A 


Course Description 


® Covers state of the art 
microprocessors and single 
board computer systems 

e Explains operation and pro- 
gramming of selected SBC 


products including: iSBC80/30, 


iSBC80/24, iSBC86/12A 

e@ Describes design, configur- 
ation and implementation of 
single board computer 
systems for industrial appli- 
cations 

e@ Intel Development System 
used in laboratory sessions 

@ Laboratory sessions also 
implement a variety of iSBC 
system configurations. 

e@ ICE In-Circuit Emulator used 
to aid system debugging 

@ Includes field service, fault 
location, and maintenance 
topics 

Attendees 


@ System engineer or pro- 
grammer who will be using 
iSBC Products 

e Some programming exper- 
ience is required, preferably 
8085 assembly language; 
PL/M workshop is helpful, 
but not required 


Length: 5 Days 


Tuition: $895 
$775 (Group rate ) 
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Course Outline 


DAY 1 

Survey of Intel Single Board 
Computers, Languages, 
and Operating Systems 

Overview of the Intel 
iSBC 80/30 Processor Board 
and Associated Peripheral 
Interface Chips 

The 8085A Microprocessor 
Fundamentals and Assem- 
bly Language Program- 
ming Techniques 

Designing with the Intel 8255 
Programmable Peripheral 
Interface Chip 

Lab: iSBC Monitor and 
Parallel I/O Capability of 
iSBC 80/30 Processor Board 


DAY 2 

Intellec Development System 

Credit — CRT Based Text 
Editor 

ASM 80 Assembler/PLM-80 
Programming 

Tools for Modular Program- 
ming — (link, locate, 
include and submit) 

ICE-85, In-Circuit Emulator 

Lab: Development of Pro- 
grams for iSBC Processor 
Boards via Development 
System 


DAY 3 

Design and implementation 
of a Serial Communica- 
tion System 

iSBC 544 Intelligent Com- 
munication Controller 

iSBC 80/24 Single Board 
Computer and Multimod- 
ule Expansion Boards 

Multibus Specifications and 
Architecture 

Lab: Development Programs 
to operate on iSBC 
Processor Boards, Multi- 
module I/O Expansion 
and Memory Boards 

DAY 4 

iS38C 86/12A Single Board 
Computer 

iSBC Memory Boards, RAM, 


PROM, EPROM, and Bubble 


Memory Boards 
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iSBC “ Single Board 
Computer Workshop 


iSBC Parallel I/O Expansion 
Boards, iSBC 519, iSBC 569 

iSBC Analog I/O Boards, iSBC 
711, 724, and 732 

iCS Industrial Control System 
and Signal Conditioning/ 
Terminator Panels 

Lab: iSBC 544 Communica- 
tion Lab 


DAY 5 

FSP and Model 810 — 
Software Development 
Modules 

RMX/80 Real-Time 
Multitasking Executive 

Service and Maintenance of 
iSBC, iCS Systems 

Future iSBC Products 

Lab: iSBC 544, iSBC 80/30 
Multitasking Lab 


8080/8085, Peripheral Chips 


PL/M-80 Language/ 
Software Design Workshop 


7 ae Np a ae Course Description Course Outline 
D a M “ol CT UKES @ LearnPL/Mprogramming DAY1 
| OT ee for 8080 and 8085 micro- PL/M Overview 
© aise nemesis anereemonentoemenicisteer em M aa processors Decloration Statement: 
® Design, implement, and Sequential Statements 
debug PL/M-80 modular Conditional Statements 
software Loop Statements 
e LINK multi-modules using Frage Preparauon 
Lab: Microcomputer Development 
libraries Systems Introduction 
@ Develop software for disk DAY 2 
file handling 


e “Hands-on” laboratory ses- Intellec Series II Development 


System 
sions using the Intellec Series ent eeeowons 
I] microcomputer devel- System Monitor 
opment system CREDIT Editor 
@ In-Circuit Emulator usedfor Lab: Implement Program for 
system debugging Oven Control 
Attendees DAY 3 
, Procedures 
@ Design engineer or pro- Compiler Controls 
grammer . Linking Modules 
e Prior programming exper- Locating 


ience will assistin obtaining Submit Command 
maximum benefit from the Lab: Design and Implement On- 


course Line Editor 
@ Introduction to Microcompu- DAY4 
ters or MCS-80/85 System In-Circuit Emulation 
Workshops recommended Libraries 
Length: 5 Days — — ICE-85 Module on SDK- 
Tuition: $895 DAY 5 
$775 (Group rate ) System Calls 
Interrupts 
Reentrancy 
Lab: Design and Implement 
File Handling Program 


8080/8085 
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Course Description 


@ Operation and implementa- 


tion of Intel RMX/80 Real- 
Time Multi-Tasking Execu- 
tive 

@ Basic concepts of multi- 
tasking are explained 

@ Concurrency of tasks, asyn- 
chronous evens, priorities, 
scheduling, resource shar- 


ing, interrupts, and inter-task 


communication discussed 
@ Lab sessions on task writing 


and system generation using 


iSBC Processor Boards 
@ [n-Circuit Emulator used to 
aid system debugging 
Attendees 
e System engineer or pro- 


grammer who will be using 


RMX/80 in iSBC system 
application 


e PL/M-80 Language/Software 


Design Workshop or equiv- 


alent knowledge is required 


(eg. based variables, struc- 
tures, and declare literally) 
@ Familiarity with Intellec 
Microprocessor Develop- 
ment System is required 


Length: 5 Days 


Tuition: $895 
$775 (Group rate) 
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Course Outline 


DAY 1 


Introduction to Multi-Tasking 
What is RMX/80? 
Review of Development Process 


Lab: RMX/80 Operation 


DAY 2 

RMX/80 Model 

Implementing RMX/80 Tasks 

Configuring a System 

Lab: Writing Tasks and 
Configuring System 

DAY 3 

RMX/80 Extensions: Terminal 
Handler 

Task Priorities 

Lab: Implementing a Terminal 
Handler Task 


DAY 4 
RMX/80 Extensions: 
The Debugger and 
The Free Space Manager 
Lab: Implementing RMX Exten- 
sions 
DAY 5 
RMX/80 Extensions: 
The Disk System 
Lab: Implementing RMX Exten- 
sions 


RMX/80™ Operating 
System Workshop 


8080/8085 


1APX 86,88 System 
Design Workshop 


8086/8088 


Course Description 


Design systems for 8086/8088 
Develop programs using 
8086 assembly language 
Lectures cover CPU, 
addressing modes, interrupt 
system, timing, I/O 
Laboratory “hands-on” uses 
Intellec Series IT Microcom- 
puter Development System 
and SDK-86 Kit 

ICE-86 In-Circuit Emulator 
introduced as software 
debug tool 
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Attendees 


@ Workshop for design 
engineer or programmer 
who will use or evaluate 
8086, 8088, or iSBC 86/12A 

e@ Prior experience with micro- 
computers and a working 
knowledge of assembly 
language is required, and 
the MCS-85 workshop is 
recommended 


Length: 5 Days 


Tuition: $895 
$775 (Group rate) 


Course Outline 


DAY 1 

Introduction to Assembly 
Language Instruction 

8086/8088 CPU's 

I/O Operations 

System Design Kit (SDK-86) 

Lab: Using the SDK-86 and the 
Serial Monitor 


DAY 2 

Development System 

Addressing Modes 

Programming Exercises 

Lab: Using the 8086 Assembler 
and the Development System 


DAY 3 

Procedures 

String Operators 

Interrupt System 

Lab: Programming with Proced- 
ures and the String Operators 


DAY 4 

Programming for Large Systems 

CPU Timing 

8086/8088 Support Chips 

Lab: Programming with Multiple 
Segments 

DAY 5 

Programming with Multiple 
Modules 

Introduction to ICE-86 

Introduction to Multiprocessing 
and the Multibus 
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Course Description 


® Detailed discussions on 
assembler directives, 
segmentation, library 

e The design and program- 
ming of large systems 

@ 8089 1/O Controller 
explained 

e “Hands-on” lab sessions use 
Intellec Series I] Devel- 
opment System and iSBC 
86/12A Single Board 
Computers 

@ ICE-86 In-Circuit Emulator 
used to debug programs 


Attendees 


e Programmer or system 
designer who needs 
complete understanding of 
8086 assembly language 
programming and ICE-86 
debugging techniques 

@ Knowledge of Intellec 
Development System 
assumed 

e Prior attendance at MCS- 
86/88 Workshop required 


Length: 5 Days 
Tuition: $895 
$775 (Group rate) 
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ICE-86/88" and 
1APX 86/21 Workshop 


Course Outline 


DAY 1 

Review of the 8086/8088 

Advanced Programming Topics 

Linkage 

The Software Development 
Process Me 

Lab: PL/M-86 Linkage an 

DAY 2 i ICO—~86 

Execution Vehicle a 
Considerations 

iSBC 86/12A Board 

8259A Peripheral Chip 
Programming 

Introduction to ICE-86 Emulator 
Module 

Lab: Interrupt Handling 


DAY 3 


Advanced ICE-86 Module 
Features 

Interrupt Structures 

Multiprocessor Topics 

Lab: ICE-86 Introduction 

DAY 4 

8086 Component Family Review 

Multibus Arbitration Logic 

Introduction to Input/Output 
Processors 

Lab: ICE-86 

DAY 5 

Advanced 8089 Topics 

Application Topics 


i 
it blabbias bh Cae 


8086/8088 


11-11 


PL/M-86 Language/Software 
Design Workshop 


8086/8088 


Course Description 


Learn PL/M programming 
for 8086 microprocessor 
Design, implement, and 
debug PL/M-86 modular 
software 

LINK multi-modules using 
libraries 

“Hands-on” laboratory ses- 
sions using Intellec Series II] 
Microcomputer Develop- 
ment System and SDK-86 
Design Kit 

ICE-86 In-Circuit Emulator is 
introduced as software de- 
bugging tool 


Attendees 


Design engineer or pro- 
grammer who is ready to 
use high level language 
with Intel 8086 or iSBC 
86/12A 

MCS-86/88 workshop 
recommended as prere- 
quisite for understanding the 
underlying structure of 8086 
microprocessor 


Length: 5 Days 
Tuition: $895 


$775 (Group rate) 
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Course Outline 


DAY 1 

Introduction 

Declaration Statements 

Data Elements 

Data Types 

Operators, Operations, and 
Priorities 

Execution Statements 

Lab: Microcomputer Develop- 
ment System and SDK-86 


DAY 2 

Procedures 

ISIS-II Disk Operating System 

CREDIT Editor 

PL/M-86 Compiler Options 

Lab: Implement Console I/O 
Routines 


DAY 3 

Data References 

Blocks 

Link and Locate Programs 

Built-In Facilities 

Lab: Design and Implement 
Modular Line Editor 


DAY 4 

Using Libraries 

Character String Handling 

Interrupt Procedures 

Reentrant Procedures 

Lab: Design and Implement 
Command Line Interpreter 


DAY 5 


ICE-86 Module 
Discussion of Selected Programs 
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Course Description 


® Introduction to iRMX 86 
Real-Time Multi-Tasking 
Executive principles and 
implementation 

@ Basic concepts of multi- 
tasking are explained 

@ Concurrency of tasks, asyn- 
chronous evens, priorities, 
scheduling, resource shar- 
ing, interrupts, and inter-task 
communication discussed 

@ Lab sessions on task writing 
and system generation using 
iSBC Processor Boards 

e@ [n-Circuit Emulator used to 
aid system debugging 


Attendees 


e System engineer or pro- 
grammer who will be using 
iRMX 86 on an iSBC 86/12A 
Single Board Computer 

@ PL/M 86 Language/Software 
Design Workshop or equiva- 
lent knowledge is required 
(eg. based variables, struc- 
tures, and declare literally) 

@ Familiarity with Intellec 
series I] Microcomputer 
Development System is 
required 


Length: 5 Days 


Tuition: $895 
$775 (Group rate) 
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iRMX 86" Operating 
System Workshop 


Course Outline 


DAY 1 

Real-Time Concepts 

The iRMX 86 Model 

Overview of iRMX 86 Nucleus 

The Software Development 
Process 

Lab: Write a single task for a 
system 

DAY 2 

The iRMX 86 Nucleus 

The Terminal Handler 

Lab: Write multiple tasks for a 
system which uses the 
Terminal Handler 

DAY 3 

Interrupts 

The Debugger 

Lab: Write interrupt task 

DAY 4 

The Configuration Process 

Installing iRMX 86 

Lab: Write configuration 
modules 


DAY 5 
Overview of I/O System 


Future iRMX 86 Features 
Lab: Write task for file I/O 


8086/8088 
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PASCAL Programming 
Workshop 


8080/8085, 8086/8088 


Course Description 

@ Learn PASCAL program- 
ming on Intellec Develop- 
ment Systems 

@ Design, implement, and 
debug PASCAL modular 
software 

@ Learn Structured Program- 
ming Concepts 

e “Hands-on” laboratory using 
the Intellec Series II micro- 
computer development sys- 
tem and PASCAL-80 or 
PASCAL-86 software 


Attendees 


@ Design engineer, scientist, or 
programmer 

@ No prior programming 
experience necessary 


Length: 5 Days 


Tuition: $895 
$775 (Group rate) 
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Course Outline 


DAY 1 

PASCAL Overview 

Block Structuring 

Lab: Microcomputer Develop- 
ment System Introduction 

Data Storage 

PASCAL Standard Data Types 

Program Construction in PASCAL 

Assignment Statements 


DAY 2 

ISIS-II Disk Operating System 

Credit Editor 

PASCAL-80 Run Time System 

Lab: Design and implement 
PASCAL Program 

Conditional Statements 

Iteration-Loops 

Procedures and Functions 

Lab: PASCAL Program using 
Procedures 


DAY 3 
Scalar Data Types 
Structured Data Types: 
1. Sets 
2. Arrays 
3. Strings 
4. Records 
Lab: PASCAL Program using 
Structured Data Types 


DAY 4 

Files 

File Type 

Built-in Procedures and 

Functions to Manipulate 

Files 

Textfiles 

Interactive Files 

Untyped Files 

Lab: PASCAL program using File 
Data Structures 

DAY 5 

Dynamic Data Structures 

Advanced Programming Topics 

Advanced Design Topics 

Lab: PASCAL Program using 
Dynamic Data Structures 

PASCAL-86 Compiler 


AFN 01608A 


Course Description 


e Design systems using 2920 

@ Develop programs using 
2920 assembly language 

e@ Use Microcomputer Devel- 
opment Systems software 
support tools for program 
assembly and simulation 

@ Investigate applications for 
2920 signal processor 


Attendees 

@ Design engineer who is 
familiar with analog filter 
design, frequency domain 
analysis and S-Plane repre- 
sentation 

e Prior digital design or digital 
filter experience recom- 
mended 


Length: 4 Days 


Tuition: $795 
$625 (Group rate) 


AFN: 01608A 


Course Outline 


DAY 1 

Overview of 2920 
Instruction Set 
Binary Arithmetic 
Simulator 


Lab: Sawtooth Generator VCO 


DAY 2 

Constant Scaling 

2920 Assembler 

Constant Multiplication 

Simulator Output 

Lab: Low Pass Filter and Two Pole 
Filter 


DAY 3 

Variable Multiplication 

Variable Division 

Signal Processing Application 
Compiler 

Lab: Using the Compiler 

DAY 4 

Review Sample Techniques 

Noise 

Aliasing 

Application Discussion 

Lab: Open 
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2920 Signal Processor 
Workshop 


ME 


Single Chip 


MCS ’-48/49 System 
Design Workshop 


Single Chip 


Course Description 


Design and develop a 
system using Intel MCS-48/49 
single chip microcomputers 
Programming in 8048 
assembly language 
Explanation of Intel 8048 
architecture, system timing 
and input/output design 
Lab sessions provide 
“hands-on” experience 
using PROMPT-48 and 
Intellec Series II micro- 
computer development sys- 
tem to develop 8048 
programs 

ICE-49 In-Circuit Emulator 
used for system debugging 
Intel 8021, 8022, and 8041 
chips are discussed 


Attendees 


Design engineer or pro- 
grammer who is familiar 
with binary numbers and 
digital logic 

Prior attendance at Intro- 
duction to Microcomputers 
Workshop or equivalent 
knowledge recommended 


Length: 5 Days 
Tuition: $895 


$725 (Group rate) 
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Course Outline 


DAY 1 

Microprocessor System 

8048 Overview 

Assembly Language Instructions 

PROMPT-48 Design Aid 

Lab: Software Development 
Using PROMPT-48 Design Aid 


DAY 2 

Assembly Language Instructions 

Subroutines 

Development System 

Text Editor and Macro 
Assembler 

Lab: Development System 
Introduction 

DAY 3 

System Timing 

Interrupts 

Expanding I/O 

Lab: Programming Using Timer 
and Interrupts 

DAY 4 

Expanding Memory 

Peripheral Interfacing Using 
8279, 8251, 8255, 8355, 8155 

In-Circuit Emulator 

Lab: Debugging Using ICE-49 
Module 

DAY 5 

8021, 8041A, 8022 

Analog Interfacing 


AFN 01608A 


Course Description 


e Program in 8051 Assembly 
Language and discuss 
system design with 8051 
components 

@ Explanation of MCS-51 
Architecture including: 

— Boolean Processor 

— ]/O Port Structure 

— Timers 

— Serial Port 

— Interrupts 

— Memory Types and 
Memory Spaces 

e “Hands-on” Lab sessions 
covering the MDS Develop- 
ment System, the ISIS 
Operating System, the 
CREDIT text editor, the MCS- 
51 Assembler, and 
execution vehicle. 

@ Review of some 8048 
concepts. 


Attendees 


This course is designed for the 
design engineer who wants to 
become familiar with the 8051 
family of components. Prior 
knowledge of Intel com- 
ponents is not required. The 
attendee should be familiar 
with digital logic functions and 
have some programming 
experience. The Introduction 
to Microcomputer Workshop is 
recommended. 


Length: 4 Days 


Tuition: $795 
$625 (Group rate) 


AFN: 01608A 


Course Outline 


DAY 1 

Introduction 

Programming and Instruction 
Set Representation 

Internal Data Memory 

Lab 

Program Sequencing 

Immediate Data 

Lab: Traffic Light Control using 
Delays 

DAY 2 

ISIS-II 

CREDIT 

MCS-51 Assembler 

Lab: 7-segment display 

Subroutines 

Lab: Traffic Light Controller 
Revisited using Subroutines 


DAY 3 

Port Structure 

Register Addressing 

Boolean Processor 

Lab: Multiplexing 7-segment 
display 

Indirect Addressing 

Lab: Using Table Look-up 
Techniques 


DAY 4 

Interrupts 

8051 Timers 

Serial Port 

Lab: Setting up and using the 
Serial Port to communicate 
with a CRT 

Arithmetic Instructions 

Accessing External Memory 

Application Topics 
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MCS‘-51 Microcontroller 
Workshop 


Single Chip 


Data Communication 
Chips Workshop 


Peripheral Chips 


Course Description 


Reviews data communica- 
tion fundamentals 
Describes Asynchronous and 
Synchronous bit serial 
communication protocols: 
Bi-Synch, HDLC/SDLC, X.25 
Utilize Intel chips in 
laboratory: 

8251 USART 

8273 HDLC/SDLC Controller 
Explain new Intel chips for 
data communication: 8256 
and 8274 

Discusses RS232, Local 
network and ether net 


Attendees 


Intended for the design 
engineer, service engineer, 
or programmer who needs 
to understand how serial 
data communication is used 
in a distributed system. 

The Introduction to Micro- 
computer Workshop or 
equivalent knowledge is 
required, 


Course Description 
@ Describes the General 


Purpose Interface Bus char- 


acteristics including protocol, 


electrical, and mechanical 
specifications 

Explains systems application 
examples and implemen- 
tation guidelines 

Includes programming and 
use of: 

8291 GPIB Talker/Listener 
8292 GPIB Controller 

8293, 8296, 8297 Transceiver 
and Interface 

iSBC 80/24 and IEEE 488 
Multi-module 


Attendees 
e Design engineer or pro- 


grammer who has prior 
assembly language or PL/M 
programming experience 
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Length: 4 Days 


Tuition: $795 
$625 (Group rate) 


Course Outline 

DAY } 

History of Data Comm. 
Communication Hierarchy 
Non-standards 

Asynch 

Lab: Using Intellec 

DAY 2 

Byte Synch. Comm. 
Bi-synch 

RS232 

Lab: Using SBC 544 

DAY 3 

Bit Synchronous 
HDLC/SDLC 

Loop mode 

X.25 Protocol 

Laboratory Demonstration 


DAY 4 

Local networks 
Ether-net 

Star Configurations 
Application discussion 


@ The Introduction to Micro- 
computer Workshop or 
equivalent knowledge is 
required. The Intellec 
Development System Oper- 
ation Workshop is recom- 
mended. 


Length: 4 Days 


Tuition: $795 
$625 (Group rate) 


Topics 

IEEE-488/GPIB Overview 

Intel Chip Set Overview 
Hardware Considerations 
Programming Examples 

Bus Functions 

Message Protocols 

Interrupt and DMA Operation 
Servicing Requests 

iSBC Interface Considerations 


AFN 01608A 


Course Description 


Comprehensive coverage of 


ROM based system monitor, 
ISIS-II Diskette Operating 
system, and CREDIT text 
editor 


Introduction to FORTRAN-80, 


LINK/LOCATE, system moni- 
tor debugging techniques, 
In-Circuit Emulation (ICE-85 
used as an example), and 
Universal PROM Program- 
mer 

system installation and 
checkout 


Attendees 


Programmer or design 
engineer who will be using 
Intellec Series I] Develop- 
ment System to develop, 
debug, and integrate hard- 
ware/software 

Manager who wants to 


understand how this tool can 


help get a project comple- 
ted faster 


Length: 3 Days 
Tuition: $595 


$475 (Group rate) 


AFN: 01608A 


Course Outline 


DAY 1 

Introduction 

System Overview 

System Installation 
Introduction to ISIS-II 

Using CREDIT Text Editor 
DAY 2 

Introduction to FORTRAN-80 
Compiling a Program 
Introduction to LINK/LOCATE 
System Monitor 

ICE-85 

DAY 3 

ICE-85 (Continued) 

User Maintenance 
Programming Aids 

Universal PROM Programmer 
Course Review 


11-19 


Intellec® Development 
System Workshop 


i 


Development System 


ICE-85”” Users Workshop 


Development System 


Course Description 


@® Comprehensive coverage of 
In-Circuit Emulation using 
ICE-85 

@ Debugging of Assembly and 
PL/M Programs 

e Extensive Hands-on Labor- 
atory practice with instruc- 
tor’s guidance. 


Attendees 


e Programmer or design 
engineer who will be using 
an ICE Product (ICE-48, ICE- 
41, or ICE-85) and who 
needs to develop expertise 

e Prior programming exper- 
ience with 8085, and use of a 
development system is 
assumed. Introduction to 
Microcomputer Workshop 
or equivalent is required 


Length: 3 Days 


Tuition: $595 
$475 (Group rate) 
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Topics 

ICE Concept 

Installation 

Use of ICE Manuals Documen- 
tation 

Command Language 

Memory Mapping 

Emulation Control with Break- 
points 

Trace Data Collection Modes 

Data Display Formats 

Debugging Strategies 

Multi-ICE 

Comparison of ICE-48, ICE-41, 
and ICE-85 


AFN 01608A 


Training Center 
Information 


SAN FRANCISCO AREA 
1350 Bordeaux Drive, Sunnyvale, CA 94086 408-734-8102 


INTEL 


LAWRENCE EXP 


GREAT AMERICA PKWY. 


HOTELS near training center. 


‘) Sundowner 8) Captains Cove Motel (©) Holiday Inn © Marriott Hotel 
Sunnyvale, CA Sunnyvale, CA Sunnyvale, CA Santa Clara, CA 
408-734-9900 408-735-7800 408-245-5330 408-988-1500 
800-238-8000 800-228-9290 
CHICAGO AREA BOSTON AREA 


Gould Center, East Tower 
2550 Golf Road, Suite 815, Rolling Meadows, IL 60008 312-981-7250 
TO MILWAUKEE LOWELL 


27 Industrial Avenue, Chelmsford, MA 01824 617-256-1374 


ROLLING | MEADOWS 


(mn) 


EUCLID AVE. 


53-290 


WILKE RD. 
ARLINGTON HEIGHTS RD. 


N-S TOLLWAY-294 


GOLF RD.-58 


CHELMSFORD 
O'HARE AIRPORT 
iid: HOTELS near training center. 
HOTELS near training center. @® Howard Johnson's () Town House Motor Inn —_@) Howard Johnson's 
(€) Arlington Park Hilton (©) Howard Johnson's (G) Holiday Inn Chelmsford, MA Lowell, MA Burlington, MA 
Arlington Heights, IL Palatine, IL Rolling Meadows, IL 617-256-7511 617-455-5606 617-272-6550 
312-394-2000 312-359-6900 312-259-5000 800-654-2000 800-654-2000 
800-654-2000 800-238-8000 
ESSIEN LEED BAIA DEEL LEELA SGA AENEID DELETES LEER ID TEE SS EA ARES, 
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AFN: 01608A 


Registration 
To enroll in ascheduled work- hours of 8-12 and 1-5, and ask Since enrollment is limited, 


shop, callthe appropriate Intel for Customer Training. registration 4-8 weeks in 
Training Center between the advance is recommended. 
(S) SanFrancisco (408) 734-8102 (also for other West Coast locations) 

(C) Chicago (312) 981-7250 (also for other Mid West locations) 

(B) Boston (617) 256-1374 (also for other East Coast locations) 

Confirmation Group Rate Tuition Policy 
Aconfirmationletterwillbesent. Tuition is at the group rate 

to you specifying details of when an organization enrolls 3 

workshop time, location, or more people in the same 

directions, and lodging. course, one person in 3 or 

Payment more courses, or some 


combination thereof. Groups 
are eligible for this discount 
only when enrollment and 
pre-payment are made to- 
gether. 


DUE BEFORE THE WORKSHOP 
BEGINS. Tuition and schedule 
subject to change. 
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eneral Information 


STANDARD PRODUCT FLOW 


Wafer 
Fabrication 


oa : Hermeticity Testing to 
ist Optical Inspection eliminate devices which 
For Fab Defects show insufficient 
SSeS “es hermeticity. (Monitored 
by QA) 

Fine leak C DIPs,CERDIPs, and 
Metal cans (MIL-STD-883 
Method 1014.2B).* Gross Leak 
C DIPs and Cerdips only (Method ~~ 

1014.2C, vacuum omitted and 1 hour pressurization). 


Electrical Wafer Sort 


Optical inspection criteria based on 
MIL-STD-883 Method 2010.3B to 
insure that all devices are free Temp Cycle 

from internal defects which could sete 
ae lead to failure in normal applications. 
1st Optical Inspection . (Monitored by QA) 


for Sort Defects 


Scribe or Saw & Break 


2nd Optical Inspection 
2nd Optical Inspection QA Gate 


3 Die Attach 
Die Attach Inspection Precap Visual ' aes 
Sanaa =< Inspection criteria ; - 
ae Die SOREN GSS based on MIL-STD-883 
Method 2010.3B to insure 


Lead Bond that after assembly all devices are free 
: from defects which could lead to failure 
Lead Bond Inspection in normal applications. (Each lot must 
QA Lead Bond Gate pass a QA acceptance.) 
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STANDARD PRODUCT FLOW 


QA Visual Acceptance 


Electrical Testing to test 
conditions and limits which guarantee 
AC, DC and functional performance over 


_full specified temperature 


*Fine leak limits: All 
devices 1 x 10-7 cceatm/sec 


QA Acceptance 


Mold Electrical 0.4% AQL AC, DC 
: Functional Tests to guarantee 
performance over full specified 

temperature range 
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PACKAGING INFORMATION All dimensions in inches and (millimeters) 


NOTES: 

1. All packages drawings not to scale. 

2. All packages seating plane defined by .0415 to .0430 PCB holes. 

3. Type P packages only. Package length does not include end flash burr. Burr is .005 nominal, can be .010 max. at one end. 


4. All package drawings end view dimensions are to outside of leads. 


PLASTIC DUAL IN-LINE PACKAGE TYPE P 


16-LEAD PLASTIC DUAL IN-LINE 35 (21.200) 
PACKAGE TYPE P a 


PIN 1| 
o] 4 
.255 (6.477) 
245 (6.223) 
oe + 325 
.075 (3.556) i —MAx. = 
.200(5.08) a 055 (3.302) (8.255) 
MAX. 
t Seen .140 (3.556) 
-130 (3.302) 
SEATING — 7 — 010 TYP oO 
PLANE i Pp _. 
uN | . ss rile i (0.381) REF. 
ae : | > 020 (0.508) 385 
-110 (2.794) .060 TYP 032 TYP 016 (0.406) = MAX. ~ 
090 (2.286) (1.524) (0.813) (9.779) 


_ .905 (22.987) 
895 (22.733) 


18-LEAD PLASTIC DUAL IN-LINE 


PACKAGE TYPE P ee a 
° A 
.255 (6.467) 
245 (6.223) 
: 7 pel tenes — | 325 


| | 060 (1.524 — MAX. > 
—————- “—— = 
.200 (5.080) BG (E.a20) REF. || ‘040 (1.016) (8.255) 
MAX. 
aa — — f 140 (3.556) 
SEATING eee Chel ee .130 (3.302) 
! — 010 TYP 
jae f il Of OISMIN. (9.254) = ad 
A256 (3.175); I | (0.381) ; 
MIN. a LL + = “ | , - REF. 
r + .020 (0.508) -385 
110 (2.794) MOOT wastup “aren nes = MAX, = 
.090 (2.286) (1.524) (0.813) ; : (9.779) 
1.035 (26.289) 
20-LEAD PLASTIC DUAL IN-LINE [~~ 1.025 (26.035) —| 


PACKAGE TYPE P | 7 ; 
fe) A 
.255 (6.467) 
/ fat 
: ——— = 325 


+. 900 (22.403) REF. ———» ~——— 275 (1.905) +- MAX. - >| 
.200 (5.080) | .055 (1.397) (8.255) 
MAX. 
i chan ~ F .130 (3.302) 
SEATING - a 1 .120 (3.048) 
sagen Y 4 O15MIN. 
.125 (3.175) ~——— 
J } | (0.381) 
MIN. | ~ aa | 
ca, =< .020 (0.508) 
LW (ess) 060 TYP 032 TYP 016 (0.406) 
090 (2.286) (1.524) (0.813) 
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PACKAGING INFORMATION All dimensions itn inches and (millimeters) 


PLASTIC DUAL IN-LINE PACKAGE TYPE P 


22-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 


1.105 (28.067) 
~<!——— = ——: 
| 1.095 (27.813) 
| PIN 1| 
1 | 
.355 (9.017) 


.345 (8.763) 


—— 4 .425 
MAX. 
90.795) 


| 


1.000 (25.400) REF, ——+ |___ 060 (1.524) 


.200 (5.080) 040 (1.016) 


MAX. 
i = 


: red | | 155 (3.937) 
SEATING 1 = ee 145 (3.683) 


_! a Sa —_ | .010 TYP or 
128 (3.175)! ieee | l .015 MIN. (0.254) : ~~ 10° 
MIN. | el ala J (0.381) , REF. 
[ | + .020 (0.508) | 475 
110 (2.794) O60TYP 032 TYP 016 (0.406) = MAX. 
.090 (2.286) (1.524) (0.813) (12.065) 
24-LEAD PLASTIC DUAL IN-LINE : _ 1.245 (31.623) 
PACKAGE TYPE P 1.235 (31.369) | 
PIN 1} 
o] 4 
545 (13.843) 
535 (13.589) 
| 
< | 625 
—_——e a .060 (2.032 je MAX. —>! 
.200 (5.080) LIDS (eee) REP | 080 (1.524) (15,875) 
MAX. | 
tT Er (4.064) ! 
ere —_{— aE i) O 
a [| bois min, (0.254) ail 10° 
125 (3.175) | ~ R (0.381) | { ‘REF. 
MIN. | | 700 
>| .020 (0.508) 
-110 (2.794) .060 TYP .032 TYP 016 (0.406) ig MAX. 
090 (2.286) (1.524) (0.813) (17.780) 
28-LEAD PLASTIC DUAL IN-LINE < = base GEaee » 
PACKAGE TYPE P Sea 
) F ~ Oo 7 4 
545 (13.843) 
535 (13.665) 
ae eames .625 
| 085 (2.159) MAX. > 
+—— 1.300 (33.020) REF. ——+ +——— =2 
SS .200 (5.080) ( ) .065 (1.651) (15.875) 
MAX. 
saan | korieeennienten ee _ ts (4.064) 
.150 s ! 
SEATING a. 2 : _— (S810) corve ™ 
PLANS : I 4.015 MIN. (0.254) nile TO 
125 (3.175) | Z | - el be, L (0.381) l | REF. 
MIN. - | : 700 
.020 (0.508) 
.110 (2.794) .060 TYP .032 TYP a, a aoe) m—— MAX. —& 
.090 (2.286) (1.524) (0.813) (17.780) 
2.055 (52.197) 
40-LEAD PLASTIC DUAL IN-LINE ~ 3045 (61943) ~—~CS~«CS 
PACKAGE TYPE P pin 1 
fo) ry 
545 (13.843) 
535 (13.589) 
: iy 625 
1.900 (48.260) REF sabe a aarti “| 
.200(5.080) “——— 1. _-F, ——+'| «——___- —_____ 
ce .030 (0.762) 
names “TF ieig 
‘ .160 (4.064) 
SANE. Nir / —<— 010 TYP 
— UU) lI t ois MIN. (0.254) 
.120 (3.048) | ol | wd bas \| (0.381) 
MIN. es fae = ! 
32 typ nt 020, (0.508) 
ae ne igi ne 016 (0.406) 
.090 (2.286) (1.524) (0.813) 
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PACKAGING INFORMATION ali dimensions in inches and (millimeters) 


CERAMIC DUAL IN-LINE PACKAGE TYPE D 
16-LEAD HERMETIC DUAL IN-LINE 790 (20.066) 
PACKAGE TYPE D 


.750 (19.050) 
PIN 1 


.310 ma 7.874) 
265 “eee 731) 
-—-— (8.128) 
320 
.200 (5.080) .700 REF. Ms aa .050 AME ‘on ~300- 
(7.620) 


MAX. (17.780) 
———— t ee ey 
rescind 140 (3.556) 
| 
.010 TYP, it 10° 
| 015 MIN. = 
125 (3.175) tage) «= AOE) a » REF. 
MIN. , Oo 
ol .o20 020 (0.508) = ce ia 


.060 TYP. .016 (0.406) 406) (9.779) 
-110 (2. (2.794) (1.524) oun 


090 (2.286) 
-920 (23.000) 
-880 (22.352) 
PIN 1 


.310 (7.874) 
.265 (6.731) 
—— 4 (8.128) 
.320 
.200 (5.080) .800 REF. —»| |.———_ .070 (1.778) ~300- 
MAX. (20.320) MAX. (7620) 
Saas .165 (4.191) 
SEATING ees .140 (3.556) 6 
PLANE 1 ae 
| OISMIN, -O10 TYP._, ~al|[57_ 10° 
. . (0.381) (0.254) ‘U REF. 


125 (3.175) 
MIN. [7 ae in 020 (0.508) -385 
I Wa 1 MAX. 


SEATING 
PLANE 


18-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 


016 (0.406) 
110 (2.794) —_ gpg (9.779) 
“090 (2.286) 

20-LEAD HERMETIC DUAL IN-LINE 990 (25.146) 


PACKAGE TYPE D 980 (24.130) a 


.310 (7.874) 
.265 (6.731) 
| 4 
iia (8.128) 
.320 
.200 (5.080) 900 REF. ____.| |___ .070 (1.778) 300° 
MAX. (22.860) MAX. (7,620) 
aor yt .165 (4.191) 
SEATING et -140 (3.556) 


ev 
PLANE 1 a 
Eons (0.254) “REF 
125 (3.175) aaa | 
— c _,||__ .020 (0.508) ee 
032 TYP. nig ane _ 
110 (2.794) pret hte (0.813) sialic (9.779) 
ae eee (1.524) 
090 (2.286) 
22-LEAD HERMETIC DUAL IN-LINE 1.095 (27.813) 
1.060 (26.924) 
PACKAGE TYPE D ne 


400 (10.16) 
370 (9.398) 
oO | (10.668) 
.200 (5.080) |—___ by jag a | 9 120 
MAX. nba 7 
pa a 180 (4.572) 
SEATING Eiacedk caoaliaged 150 (3.810) 
PLANE | co 
| .010 TYP. ~e 
.015 MIN. > 
.125 (3.175) (0.381) (0.254) ~~ 4 ‘REF, 
mn mol E} Pan . fe 
“a MAX 
.032 TYP. Neos 
110 (2.794) (0.813) .020 (0.508) (12.065) 
090 (2.286} 286) 016 (0.406) 406) 
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PACKAGING INFORMATION Ali dimensions in inches and (millimeters) 


CERAMIC DUAL IN-LINE PACKAGE TYPE D 
24-LEAD HERMETIC DUAL IN-LINE 


1.285 (32.639) 
PACKAGE TYPE D 1.235 (31. = «) 
a _ 
.600 I .600 (15.240) 
515 (13.081) 
(15.748) 
1 4 1190 EF .090 He 286) -620 
= 600 > 
a me (15.240) | 
‘oer ee aoe | 
SEATING — -— -140 (3.556) O° 
PLANE rT 
125 (3.175) 4 ee | (508) (0.254) | 700 REF. 
MIN. 
| oe (1.524) ‘iene |. .020 (0.508) a MAX. 
110 (2.794) .032 TYP. 016 (0.406) (17.780) 
90 (2.286) (0.813) 
24-LEAD HERMETIC DUAL IN-LINE - = ae 
PACKAGE TYPE D PIN | 
600 ols 240) 
515 (13.081) 99 (2.086) 
ee, i? MAX. (1 5 8) 
See eet eel 010 
.200 (5.08) ‘a7 940) | | MAX. -600 
MAX. (0.254) | (15.240) 
Daa | .185 (4.699) 
SEATING ——— ae sap _ o 
. ‘4 ! —_ 
PLANE i (0.254) | a 
REF. 
125 (3.175) oeoTve 
Mt a posses (1.524) 020 (0.508) 
— 016 (0.406) _ 
.090 (2.286) 032 TYP. : : MAX. 
(0.813) (17.780) 
28-LEAD HERMETIC DUAL IN-LINE _ rise aaa - 
PACKAGE TYPE D | _ B 
600 (15.240) 
515 (13.081) 
ear _ ie 748) 
1.300 REF. . .085 (2.159 
.200 (5.08) (33.020) . MAX. : 
MAX a8 340) “| 
—- -—— - ——- ———_ .175 (4.445) | | 
SEATING. Y ———— (dices .140 (3.556) ; a 
PLANE A i ) OL 
—_— | | | L.020MIN. “O10 T TP =i 10 
os |} 151 be—060 TYP. 1 (0.508) ] 700 | REF. 
a (1.524) ‘i —_—s 020 (0.508) - (17-780) _— 
110 (2. (2.794) .032 TYP .016 (0.406) ; 
090 (2.286) (Osa t2) 
28-LEAD HERMETIC DUAL IN-LINE 1.485 (37.719) 
PACKAGE TYPE D Aaa eae aw 
.600 (15.240) 
‘515 (13.081) 085 (2.159) 
ata | MAX. (15.748) 
.200 (5.08) 1.300 REF. eee Pia a0 
MAX. (33.020) (0.254)| (15.240) 
e secre ie .185 (3.556) 
SEATING ae a sc 0° 
nn f .020 MIN. (0.254) Noe? 10° 
125 (3.175) (.508) iN REF. 
, ' .060 TYP : 508 
MIN. 110 (2.794) m (1.524) og ae 700 
090 (2.286) .032 TYP. MAX. 
(0.813) (17.780) 
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AFN-01301A-05 


PACKAGING INFORMATION aii dimensions in inches and (millimeters) 


CERAMIC DUAL IN-LINE PACKAGE TYPE D 


40-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 


40-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 


SEATING 
PLANE 


125 (3.175) 
MIN. 


2.080 (52.832) 
2.030 (51.562) 


PIN 1 


.600 (15.240) 
515 (13.081) 


= .085 (2.159) (16.748) 
MAX. 2S 
(15.240) 
yb 175 (4.445) 
.140 (3.556) big 
| .020 MIN. 010 TYP. wl TF 


(508) (0.254) "1 REF. 
el ash (0.508) MAX. —o! 


.225 (5.715) l (49.546) 
MAX. 


SEATING Tecate 
PLANE 
125 (3.175) = 
MIN. a = 


.060 TYP. 


(1.524) AX. 
110 (2.794) .032 TYP 016 (0.406) (17.780) 
090 (2.286) (0.813) 

2.080 (52.832) 
2.030 (51.562) 
PIN 1 
C) .600 (15.240) 
‘515 (13.081) 
.085 (2.159) 
eee MAX. (15.748) 


.225 (5.715) «————— 1.900 REF. —————_-+ .010 a 
MAX, (49.546) (o2e4) | (15.240) 
Beer a 


.185 (4.699) 
t | 140 (3.556) aon 
ies .010 TYP. 1 ‘10° 
| .020 MIN. (0.254) ' 
(508) — 


_ a .020 (0.508) | | 
.016 (0.406 .700 
MAX. 


(17.780) 


.060 TYP. 
.110 2794) | (1.524) 
090 (2.286) .032 TYP. 
(0.813) 
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AFN-01301A-06 


PACKAGING INFORMATION aii dimensions in inches and (millimeters) 


CERAMIC DUAL IN-LINE PACKAGE TYPE C 
16-LEAD CERAMIC DUAL IN-LINE {810 (20.574) 
PACKAGE TYPE C .790 (20.066) 


PIN 1 MARK 


.305 (7.747) 
280 (7.112) ey 
2 90 
=== | (7.366) 
‘a 700REF._ is | __s«CO7*O0 (11.778) 
165 (4.191) (17.780) || 030 (0.762) 400 (2.540) 
.110 (2.794) 075 (1.905) 
aad 115 (2.921) 
SEATING =—=< .085 (2.159) O° 
PLANE 4 050 (1.270) — .010 TYP. \ wile 10° 
020 (0.508) = ‘2-254 I REF. 
.125 (3.175) .050 TYP. 
MIN. (1.270) __ 1022 (0.558) 325 
.015 (0.381) MAX. 
.110 (2.794) -032 TYP. (8.255) 
— (0.813) 
.090 (2.286) 
.910 (23.114) 
18-LEAD HERMETIC DUAL IN-LINE ‘890 (22.606) pie 4 bane 
PACKAGE TYPE C = ein —4 
| 305 (7.747) 
.280 (7.112) wy . 
290 | 
== ==> (7.366) 
800 REF. ____, LL 070 (1.778) 
165 (4.191) (20.320) 030 (0.762) 095 (2.413) 
110 (2.794) 075 (1.905) 
-—— = 115 (2.921) 
SEATING hia .085 (2.159) o 
leidin 050 (1.270) oro TYP. Vale 1 
.025 (0.635) (0.254) REF. 
.125 (3.175) 050 TYP ‘ 
MIN. (1.270) .022 (0.558) = 325 
015 (0.381) MAX. 
.110 (2.794) 032 TYP. (8.255) 
.090 (2.286) iOS18) 
1.010 (25.654) 
20-LEAD HERMETIC DUAL IN-LINE "990 (25.146) 
PIN 1MARK 
PACKAGE TYPE C 7 7 
.305 (7.747) (8.128) 
280 (7.112) = aoe 
7 (7.366) 
ena | 
«900 REF. | .070 (1.778) 
.165 (4.191) (22.860) .030 (0.762) 100 (2.540) 
.110 (2.794) | 075 (1.905) 
oeeaceaias = 115 (2.921) 
SEATING ——- .085 (2.159) oe 
PLANE 4 050 (1.270) oro Typ. Nal 10° 
.025 (0.635 (0.254) REF. 
.125 (3.175) -050 TYP. ( 
MIN. (1.270) 022 (0.588) _ .325 
.015 (0.381) MAX. 
.110 (2.794) .032 TYP. (8.255) 
090 (2.286) (Gen) 
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AFN-01301A-04 


PACKAGING INFORMATION aii dimensions in inches and (millimeters) 


CERAMIC DUAL IN-LINE PACKAGE TYPE C 
24-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 


28-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 


40-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 


1.215 (30.861) 


1.185 (30.099) 


| PIN 1MARK 
.605 (15.367) (15.748) 
585 (14.859) 620 
590 
070 (1.778) 
ee —_ 030 (0.762) DARE) 
.210 (5.334) | 1.100 REF. ——————— 
10 (2.794) | (27.940) ~~ | 100 (2.540) 
| 075 (1.905) 
ened ar 150 (3.810) 
SEATING — .085 (2.159) om 
.010 TYP. 10° 
PLANE ~F 060 (1.524) ““trasay Nal per 
.125 (3.175) 040 TYP. aston ! 665 : 
MIN. rh Dry tt (1.016) __ 022 (0.558) = _ 
r+ |< — —— MAX. 
110 A 2.794) .015 (0.381) (16.89) 
090 (2.286) 286) 
1.415 (35.941) 
1.385 (35. a | PIN 1 MARK 
a 7 1 
aa ee 5 | _620 
.070 (1.778) 590 
030 oe 762) (14.986) 
210 (5.334) pig (2.540) 
130 (3.302) | 080 (2.032) | 
.150 (3.810) 
SEATING ses .090 (2.286) Lo 
PLANE .060 (1.524) voaee , ae Al 
poe po 040 (1.016) \ 
heart .050/.040 TYP. 665 
(1270/(1.01G)  — yell OOS SBS) le MAX. 
poe eee .015 (0.381) (16.89) 
090 (2.286) 
2.020 (51.308) 
1.980 (50.292) 
PIN 1MARK 
PIN 1 
605 (15.367) (15.748) 
585 (14.859) cae 
070 (1,778) (14.986) 
—— 030 (0.762) 
| | | 
210 (6.934), =——— ap eo) 100 (2.540) 
130 (3.302) | .080 (2.032) | 


SEATING 


.110 (2.794) 
.090 (2.286) 


12-9 


| erases Eons 


PLANE ' r ‘ : oe 
125 (3.175) 050/040 TYP. 040 (1.016) | M1 
MIN. (1.270)/(1.016) 022 (0.558) | 665 _. 

(015 (0.381) i MAX. 


150 (3.810) 
cae: 090 (2.286) oO 
010 TYP. THe 
#060 (1.524) (9.254) 10° 


AFN-01301A-07 


PACKAGING INFORMATION ai dimensions in inches and (millimeters) 


CERAMIC DUAL IN-LINE PACKAGE TYPE B 
24-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE B 


7 1.285 (32.639) 
| 1.235 (31.369) 
aoe eee 
if 
|. _ 600 (15.240) 
515 (13.081) 
. | .090 (2.286) aa 
a — MAX. 
.220(5.558) -+————— 1.100 REF. 150 (3.810) . 
MAX. (27.940) (8 240) 
; Picakedits 125 (3.175) 
aptaiyepion ts (4.826) i 
seams =f =O TT) ts (3.937) | 
PLANE ‘ 
& 015 MIN. 010 TYP. ~p'l~ aa 
100 (2.540) (0.381) (0.254) REF 
e L 
110 (2.794: 794) 1 s ; || .020 (0.508) 0 
090 (2.286) pie TE. ae nee - 
(1.524) (og13y .016 (0.406) (17.780) 


CERAMIC LEADLESS QUAD IN-LINE HERMETIC TYPE C 
64 PINS-REQUIRES A SOCKET 


TOP VIEW 


BOTTOM VIEW 
.050 REF. 


PIN 1 \ 


.068 (1.727) 
.064 (1.625) 


.200 TYP. 
(5.08) ~| i 


PIN 1 


_.050° 
(1.27) 
1.007 REF. 
(25.58) 1.570 REF. 1.670 
(89.88) 1.630 
1.363 MAX. 
(34.62) .131 (3.327) 
(1.727) |f .121 (3.073) 
>| | |< —— | 
| (1.625) 100 REF 
(2.540) 
.440 REF. .317 MAX. 
(11.18) (8.05) 
520 .400 REF. 
480 (10.16) 
.450 REF 
(11.43) 
SIDE VIEW 


END VIEW 1.020 (30.480) 
980 (24.892) 


woe 


.024 (.609) .095 (2.413) | 634 MAX. .| .120 (3.048) 
.016 (.406) .075 (1.905) (16.10) 085 (2.159) 


AFN-01301A-08 


PRELIMINARY 


DUAL IN-LINE LEADLESS PACKAGE AND SOCKET 


20 PINS 


a ae | 
TEN ah 


0.255 + .005 


za || 


1.100 + .015 
1.680 
+.005 | 
POLARIZATION TAB 
0.436 + .005 
\ 
2.5° + 0.5° 
a 1.480 + .010 ieee 
WEIGHT: 74 GRAMS NOMINAL, 80 GRAMS MAXIMUM 
#256 HELICOIL 
OVERALL HEIGHT ABOVE és BUSHING. 2 REQD 
PC. BOARD 0.5 MAX 
POLARIZATION RIB 
T P 
LOCATED ON PACKAGE TERMINALS SELECT 
(38.10) is PLATED GOLD WITH 
= 1.50 = (2.54) ; TIN PLATED PC. TAILS 
REF 5a 
MAX #2-56 x 40 y 
aa MACHINE SCREW 
A TO BE CAPTIVE (1.52) 
2 PLACES 060 
iY 
7 
A (3.81) 
y 150 
(43.69) A 
1.720 REF 
(22.86) z 
900 REF (2.54) (43.72) 
COVER 30% GF POLYESTER 100 => <4 1.800 >| 
94V-O (2 REQD) 4 PLACES 2 PLACES 
Y - O|- ° 
(10.41) 
410 
\ a ee 
v oe ee 
-+ a4 --% 
HINGE TO ALLOW 180° 100 ° ° 
ROTATION OF COVER TYP. ° ° 
HOUSING 30% GF ° ° 
POLYESTER — 94V.0 ° ° ere 
(51.82) ° ° 045 = 003 
— ese 2 ° Og DIA. 20 PLACES 
| REF | (9.53) v ° : 
; a | 375 REF i -——— —," 
— s . 
(9.03) —— r PIN 1 
ne a td 
a a | 4 on (2.41) 
095 DIA 
(5.67) | A (5.33) t.S8) 4 PLACES 
270 210 330 RECOMMENDED 
P.C. BOARD HOLE 
PATTERN 


SOCKET OUTLINE 
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ORDERING INFORMATION 


Status Notices: 
PRELIMINARY — Indicates some electrical parameters are subject to change. 
ADVANCE INFORMATION — Indicates some functional characteristics are subject to change. 


Semiconductor components are identified as follows: 


Example: 
M D 2 1 1 4 A a ~ S 


Four or five characters Up to three character 
per device type modifier for power, 
speed, processing, etc. 


Package Type 

B — Hermetic Package, Type B 
C — Hermetic Package, Type C 
D — Hermetic Package, Type D 
P — Plastic Package 

X — Unpackaged Device 


M — Indicates Military Grade 


| — Indicates Industrial Grade 


Examples: 


D2147H-1 High-speed 2147, 4096 x 1 RAM with 35ns access time, hermetic package Type D, com- 
mercial temperature range. 


P8085A-2 8085A 8-bit microprocessor with 5MHz clock, plastic package, commercial temperature 
range. 

MD3636/B 2K x 8 PROM, hermetic package Type D, military temperature range, MIL-STD-883 Level B 
processing.* 

MD8080A/B 8080A microprocessor, hermetic package Type D, military temperature range, MIL-STD-883 


Level B processing.* 
Kits, boards and systems may be ordered using the part number designations in this catalog. 


The latest Intel OEM price book should be consulted for availability of various options. These may be 
obtained from your local Intel representative or by writing directly to Intel Corporation, 3065 Bowers 
Avenue, Santa Clara, California 95051. 


*For Military products, MIL-STD-883 Level B processing is indicated by a/B suffix; all others should be specified by the ‘“‘s” number 
suffix. 
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INTEL PRODUCT SERVICE 


Today, it’s essential to have dependable data processing 
and information storage equipment. 


To insure trouble-free performance, every Intel product is 
engineered and manufactured to exacting standards. But 
sometimes, even the finest components may malfunction. 


It’s then that Intel Product Service delivers fast, econ- 
omical, quality maintenance and service support to keep 
vital projects on schedule. 


Intel is committed to providing a total service support 
package through a wide variety of service offerings 
available from Intel Product Service. 


Intel Product Service takes pride in its capabilities and in 
the entire Intel systems product line, and is dedicated to 
total customer satisfaction. 


Customer Is Assured Maximum Equipment 
Performance 


The Intel Product Service team is a skilled group capable 
of solving any problem, either by phone or on-site. All ser- 
vice needs (including emergency service and preventive 
maintenance) are handled quickly and efficiently by 
Intel’s Customer Engineers, supported by district, 
regional and factory specialists. 


This assures the customer of minimum downtime and 
maximum equipment performance. 


Immediate Availability of Service and Parts 


Working from field service offices throughout the United 
States, Canada and abroad, Intel’s Customer Engineers 
provide maintenance agreement customers with equip- 
ment installation and regularly scheduled preventive 
maintenance, including automatic installation of 
engineering changes as they occur. 


If there should be an equipment problem, customers con- 
tact the nearest Intel service location. If the customer loca- 
tion is within Intel’s service area, an Intel Customer 
Engineer is dispatched to the site as quickly as possible. 
Once there, using advanced diagnostic tools and 
sophisticated test equipment, the Customer Engineer will 
determine the trouble and the replacement parts needed. 
With Intel’s vast inventory of replacement parts, the right 
part is always available on the shortest notice, and the 
Customer Engineer is able to make repairs quickly and 
verify performance. 


Product Service Alternatives 


Intel offers customers a number of service alternatives... 
all at reasonable prices and featuring the quality expected 
of the industry leader. 


First, there’s the Maintenance Agreement, which guar- 
antees maintenance at the customer’s site plus parts 
replacement and labor at no extra charge beyond an 
easy-to-budget, fixed monthly rate--all billed against 
one purchase order. The Maintenance Agreement 
features preventive maintenance which helps keep 
emergencies at a minimum. But should an emergency 
arise, a Customer Engineer is sent to the site immediately. 
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Of course Intel provides service for every system it sells. 
Thus, site service, parts replacement and repair are also 
available without a Maintenance Agreement. However, 
the site must be within a reasonable distance of an Intel 
field service location, and all charges are paid as they 
are incurred. 


For customers not located in an Intel service area, or for 
those who prefer direct factory service, an Intel Direct 
Return Authorization enables the customer to return 
parts direct to Intel for repair, refurbishing and upgrade 
services by its factory experts. This service is offered with 
or without contract. (With contract, one purchase order 
covers all returns. Without contract, a separate purchase 
order is needed for each individual return.) 


Toll-Free Service Hotline 


In the United States, Intel’s toll-free service Hotline is a 
direct connection to service support specialists who can 
help immediately. 


If on-site service is available, they direct the customer to 
the nearest Intel field service location. If not, Hotline 
specialists can usually help locate the trouble...and in- 
dicate how to make the necessary repairs. 


Whichever service alternative is chosen, the customer is 
assured fast, affordable service. Intel offers customers the 
total service they need--that is one of the most important 
benefits of buying Intel products. 


When distance from an Intel field location is too great, the 
Before Return Replacement contract is the logical solu- 
tion for customers. To allow them to save valuable time 
and make repairs as soon as possible should trouble strike, 
a call via Intel’s Hotline puts the customer in direct contact 
with support specialists who can determine which part is 
needed to repair the system. The part is then sent 
immediately--before the return of the old part to Intel. 
This service is also available with or without contract. 
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intel 


3065 Bowers Avenue 


U.S. AND CANADIAN SERVICE OFFICES 


Santa Clara, California 95051 


Tel: (408) 987-8080 
TWX: 910-338-0026 
TELEX: 34-6372 


CALIFORNIA 


Intel Corp. 

1601 Old Bayshore Hwy. 
Suite 345 

Burlingame 94010 

Tel: (415) 692-4762 

TWX: 910-375-3310 


Intel Corp. 

2000 E. 4th Street 
Suite 110 

Santa Ana 92705 
Tel: (714) 835-2670 
TWX: 910-595-2475 


Intel Corp. 

7670 Opportunity Road 
San Diego 92111 

Tel: (714) 268-3563 


Intel Corp. 

3375 Scott Blvd. 
Santa Clara 95051 
Tel: (408) 987-8068 


Intel Corp. 

5530 N. Corbin 
Tarzana 91356 
Tel: (213) 708-0333 


COLORADO 


Intel Corp. 

650 South Cherry 
Suite 720 

Denver 80222 

Tel: (303) 321-8086 
TWX: 910-931-2289 


FLORIDA 


Intel Corp. 

1001 N.W. 62nd Street 
Suite 406 

Ft. Lauderdale 33309 
Tel: (305) 771-0600 
TWX: 510-956-9407 


Intel Corp. 

5151 Adamson St. 
Orlando 32804 
Tel: (305) 628-2393 


GEORGIA 
Intel Corp. 


3300 Holcombe Bridge Rd. 


Suite 225 
Norcross 30092 
Tel: (404) 449-0541 


ILLINOIS 


Intel Corp. 

2550 Golf Road 

Suite 815 

Rolling Meadows 60008 
Tel: (312) 981-7230 
TWX: 910-253-1825 


KANSAS 


Intel Corp. 

9393 W. 110th Street 
Suite 265 

Overland Park 66210 
Tel: (913) 642-8080 


MARYLAND 


Intel Corp. 

7257 Parkway Drive 
Hanover 21076 

Tel: (301) 796-7500 
TWX: 710-862-1944 


MASSACHUSETTS 


Intel Corp. 

27 Industrial Avenue 
Chelmsford 01824 
Tel: (617) 667-8126 
TWX: 710-343-6333 


MICHIGAN 


Intel Corp. 

26500 Northwestern Hwy. 
Suite 401 

Southfield 48075 

Tel: (313) 353-0920 

TWX: 810-224-4915 


MINNESOTA 


Intel Corp. 

7401 Metro Blvd. 
Suite 355 

Edina 55435 

Tel: (612) 835-6722 
TWX: 910-576-2867 


MISSOURI 


Intel Corp. 

502 Earth City Plaza 
Suite 121 

Earth City 63045 
Tel: (314) 291-1990 


NEW JERSEY 


Intel Corp. 

2460 Lemoine Avenue 
Ft. Lee 07024 

Tel: (201) 947-6267 
TWX: 710-991-8593 


OHIO 


Intel Corp. 
Chagrin-Brainard Bldg. 300 
28001 Chagrin Blvd. 
Cleveland 44122 

Tel: (216) 464-2736 

TWX: 810-427-9298 


Intel Corp. 

6500 Poe Avenue 
Dayton 45414 

Tel: (613) 890-5350 
TWX: 810-450-2528 


800-528-0595 


TOLL-FREE U.S. HOT-LINE NUMBER 


For service in Arizona and Canada call (602)869-4600 


OREGON 
Intel Corp. 


10700 S.W. Beaverton-Hillsdale Hwy. 


Suite 22 
Beaverton 97005 
Tel: (503) 641-8086 
TWX: 910-467-8741 


PENNSYLVANIA 


Intel Corp. 

510 Pennsylvania Ave. 
3rd Floor 

Fort Washington 19034 
Tel: (215) 641-1000 
TWX: 510-661-2077 


TEXAS 


Intel Corp. 

313 E. Anderson Lane 
Suite 314 

Austin 78752 

Tel: (512) 454-3628 
TWX: 910-874-1347 


Intel Corp. 

2925 L.B.J. Freeway 
Suite 175 

Dallas 75234 

Tel: (214) 241-2820 
TWX: 910-860-5617 


Intel Corp. 

6420 Richmond Avenue 
Suite 280 

Houston 77057 

Tel: (713) 784-1300 
TWX: 910-881-2490 


VIRGINIA 


Intel Corp. 

7700 Leesburg Pike 
Suite 412 

Falls Church 22043 
Tel: (703) 734-9707 
TWX: 710-931-0625 


WASHINGTON 


Intel Corp. 

1603 116th Ave. N.E. 
Suite 114 

Bellevue 98005 

Tel: (206) 232-7823 
TWX: 910-443-3002 


WISCONSIN 


Intel Corp. 

150 S. Sunnyslope Road 
Suite 148 

Brookfield 53005 

Tel: (414) 784-9060 


CANADA 


Intel Corp. 

50 Galaxy Blvd. 
Unit 12 

Rexdale, Ontario 
M9OW4Y5 

Tel: (416) 675-2105 
Telex: 069-89278 


Intel Corp. 

39 Hwy. 7, Bell Corners 
Ottawa, Ontario 

K2H 8R2 

Tel: (613) 829-9714 
Telex: 053-4115 


This list of service offices is accurate as of the 
date of printing. However, new offices are being 


added as required. 
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3065 Bowers Avenue 

Santa Clara, California 95051 
Tel: (408) 987-8080 

TWX: 910-338-0026 

TELEX: 346372 


ALABAMA 


Intel Corp. 

303 Williams Avenue, S.W. 
Suite 1422 

Huntsville 35801 

Tel: (205) 533-9353 


Pen-Tech Associates, Inc. 
Holiday Office Center 
3322 Memorial Pkwy., S.W. 
Huntsville 35801 

Tel: (205) 881-9298 


ARIZONA 


intel Corp. 

10210 N. 25th Avenue, Suite 11 
Phoenix 85021 

Tel: (602) 997-9695 


BFA 

4426 North Saddle Bag Trail 
Scottsdale 85251 

Tel: (602) 994-5400 


CALIFORNIA 


Intel Corp. 

7670 Opportunity Rd. 
Suite 135 

San Diego 92111 

Tel: (714) 268-3563 


Intel Corp.* 

2000 East 4th Street 
Suite 100 

Santa Ana 92705 
Tel: (714) 835-9642 
TWX: 910-595-1114 


Intel Corp.* 

15335 Morrison 
Suite 345 

Sherman Oaks 91403 
Tel: (213) 986-9510 
TWX: 910-495-2045 


Intel Corp.* 

3375 Scott Blvd. 

Santa Clara 95051 

Tel: (408) 987-8086 

TWX: 910-339-9279 
910-338-0255 


Earle Associates, Inc. 
4617 Ruffner Street 
Suite 202 

San Diego 92111 

Tel: (714) 278-5441 


Mac-! 

2576 Shattuck Ave. 
Suite 4B 

Berkeley 94704 
Tel: (415) 843-7625 


Mac-! 

P.O. Box 1420 
Cupertino 95014 
Tel: (408) 257-9880 


Mac-! 

558 Valley Way 
Calaveras Business Park 
Milpitas 95035 

Tel: (408) 946-8885 


Mac-! 

P.O. Box 8763 
Fountain Valley 92708 
Tel: (714) 839-3341 


Mac-! 

1321 Centinela Avenue 
Suite 1 

Santa Monica 90404 
Tel: (213) 829-4797 


Mac-! 

20121 Ventura Bivd., Suite 240E 
Woodland Hills 91364 

Tel: (213) 347-5900 


COLORADO 


Intel Corp.* 

650 S. Cherry Street 
Suite 720 

Denver 80222 

Tel: (303) 321-8086 

TWX: 910-931-2289 


Westek Data Products, Inc. 
25921 Fern Guich 

P.O. Box 1355 

Evergreen 80439 

Tel: (303) 674-5255 


Westek Data Products, Inc. 
1322 Arapahoe 

Boulder 80302 

Tel: (303) 449-2620 


Westek Data Products, Inc. 
1228 W. Hinsdale Dr. 
Littleton 80120 

Tel: (303) 797-0482 


CONNECTICUT 


Intel Corp. 

Peacock Alley 

1 Padanaram Road, Suite 146 
Danbury 06810 

Tel: (203) 792-8366 

TWX: 710-456-1199 


FLORIDA 


Intel Corp. 

1001 N.W. 62nd Street, Suite 406 
Ft. Lauderdale 33309 

Tel: (305) 771-0600 

TWX: 510-956-9407 


Intel Corp. 

5151 Adanson Street, Suite 203 
Orlando 32804 

Tel: (305) 628-2393 

TWX: 810-853-9219 


Pen-Tech Associates, Inc. 
201 S.E. 15th Terrace, Suite K 
Deerfield Beach 33441 

Tel: (305) 421-4989 


Pen-Tech Associates, Inc. 

111 So. Maitland Ave., Suite 202 
P.O. Box 1475 

Maitland 32751 

Tel: (305) 645-3444 


GEORGIA 


Pen Tech Associates, Inc. 
Cherokee Center, Suite 21 
627 Cherokee Street 
Marietta 30060 

Tel: (404) 424-1931 


ILLINOIS 


Intel Corp.* 

2550 Golf Road, Suite 815 
Rolling Meadows 60008 
Tel: (312) 981-7200 

TWX: 910-651-5881 


Technical Representatives 
1502 North Lee Street 
Bloomington 61701 

Tel: (309) 829-8080 


INDIANA 


Intel Corp. 

9101 Wesleyan Road 
Suite 204 
Indianapolis 46268 
Tel: (317) 299-0623 


lOWA 


Technical Representatives, Inc. 
St. Andrews Building 

1930 St. Andrews Drive N.E. 
Cedar Rapids 52405 

Tel: (319) 393-5510 


KANSAS 


Intel Corp. 

9393 W. 110th St., Ste. 265 
Overland Park 66210 

Tel: (913) 642-8080 


Technical Representatives, Inc. 
8245 Nieman Road, Suite 100 
Lenexa 66214 

Tel: (913) 888-0212, 3, & 4 
TWX: 910-749-6412 


Technical Representatives, Inc. 
360 N. Rock Road 

Suite 4 

Wichita 67206 

Tel: (316) 681-0242 


MARYLAND 


Intel Corp.* 

7257 Parkway Drive 
Hanover 21076 

Tel: (301) 796-7500 
TWX: 710-862-1944 


Mesa Inc. 

11900 Parklawn Drive 

Rockville 20852 

Tel: Washington (301) 881-8430 
Baltimore (301) 792-0021 


MASSACHUSETTS 


Intel Corp.* 

27 Industrial Ave. 
Chelmsford 01824 
Tel: (617) 667-8126 
TWX: 710-343-6333 


EMC Corp. 

381 Elliot Street 
Newton 02164 

Tel: (617) 244-4740 
TWX: 922531 


U.S. AND CANADIAN SALES OFFICES 


MICHIGAN 


Intel Corp.* 

26500 Northwestern Hwy. 
Suite 401 

Southfield 48075 

Tel: (313) 353-0920 

TWX: 810-244-4915 


Lowry & Associates, Inc. 
135 W. North Street 
Suite 4 

Brighton 48116 

Tel: (313) 227-7067 


Lowry & Associates, Inc. 
3902 Costa NE 

Grand Rapids 49505 

Tel: (616) 363-9839 


MINNESOTA 


Intel Corp. 

7401 Metro Bivd. 
Suite 355 

Edina 55435 

Tel: (612) 835-6722 
TWX: 910-576-2867 


MISSOURI 


Intel Corp. 

502 Earth City Plaza 
Suite 121 

Earth City 63045 
Tal: (314) 291-1990 


Technical Representatives, Inc. 


320 Brookes Drive, Suite 104 
Hazelwood 63042 

Tel: (314) 731-5200 

TWX: 910-762-0618 


NEW JERSEY 


Intel Corp.* 
Raritan Plaza 

2nd Floor 

Raritan Center 
Edison 08817 

Tel: (201) 225-3000 
TWX: 710-480-6238 


NEW MEXICO 


BFA Corporation 
P.O. Box 1237 

Las Cruces 88001 
Tel: (505) 523-0601 
TWX: 910-983-0543 


BFA Corporation 
3705 Westerfield, N.E. 
Albuquerque 87111 
Tel: (505) 292-1212 
TWX: 910-989-1157 


NEW YORK 


Intel Corp.* 

350 Vanderbilt Motor Pkwy. 
Suite 402 

Hauppauge 11787 

Tel: (516) 231-3300 

TWX: 510-227-6236 


Intel Corp. 

80 Washington St. 
Poughkeepsie 12601 
Tel: (914) 473-2303 
TWX: 510-248-0060 


Intel Corp.* 

2255 Lyell Avenue 
Lower Floor East Suite 
Rochester 14606 

Tel: (716) 254-6120 
TWX: 510-253-7391 


Measurement Technology, Inc. 
159 Northern Boulevard 

Great Neck 11021 

Tel: (516) 482-3500 


T-Squared 

4054 Newcourt Avenue 
Syracuse 13206 

Tel: (315) 463-8592 
TWX: 710-541-0554 


T-Squared 

2 E. Main 

Victor 14564 

Tel: (716) 924-9101 
TWX: 510-254-8542 


NORTH CAROLINA 


Intel Corp. 

154 Huffman Mill Rd. 
Burlington 27215 
Tel: (919) 584-3631 


Pen-Tech Associates, Inc. 
1202 Eastchester Dr. 
Highpoint 27260 

Tel: (919) 883-9125 


OHIO 


Intel Corp.* 

6500 Poe Avenue 
Dayton 45415 

Tel: (513) 890-5350 
TWX: 810-450-2528 


intel Corp.° 

Chagrin-Brainard Bidg., No. 210 
28001 Chagrin Bivd. 

Cleveland 44122 

Tel: (216) 464-2736 

TWX: 810-427-9298 


OREGON 


Intel Corp. 

10700 S.W. Beaverton 
Hillsdale Highway 
Suite 324 

Beaverton 97005 

Tel: (503) 641-8086 
TWX: 910-467-8741 


PENNSYLVANIA 


Intel Corp.* 

275 Commerce Dr. 

200 Office Center 
Suite 300 

Fort Washington 19034 
Tel: (215) 542-9444 
TWX: 510-661-2077 


Q.E.D. Electronics 
300 N. York Road 
Hatboro 19040 
Tel: (215) 674-9600 


TEXAS 


Intel Corp.* 

2925 L.B.J. Freeway 
Suite 175 

Dallas 75234 

Tel: (214) 241-9521 
TWX: 910-860-5617 


Intel Corp.* 

6420 Richmond Ave. 
Suite 280 

Houston 77057 

Tel: (713) 784-3400 
TWX: 910-881-2490 


Industrial Digital Systems Corp. 
5925 Sovereign 

Suite 101 

Houston 77036 

Tel: (713) 988-9421 


Intel Corp. 

313 E. Anderson Lane 
Suite 314 

Austin 78752 

Tel: (512) 454-3628 


WASHINGTON 


Intel Corp. 

Suite 114, Bldg. 3 
1603 116th Ave. N.E. 
Bellevue 98005 

Tel: (206) 453-8086 
TWX: 910-443-3002 


WISCONSIN 


Intel Corp. 

150 S. Sunnyslope Rd. 
Brookfield 53005 

Tel: (414) 784-9060 


CANADA 


Intel Semiconductor Corp.* 
Suite 233, Bell Mews 

39 Highway 7, Bells Corners 
Ottawa, Ontario K2H 8R2 
Tel: (613) 829-9714 

TELEX: 053-4115 


Intel Semiconductor Corp. 
50 Galaxy Bivd. 

Unit 12 

Rexdale, Ontario 

MSW 4Y5 

Tel: (416) 675-2105 
TELEX: 06983574 


Multilek, Inc.°* 

15 Grenfell Crescent 
Ottawa, Ontario K2G 0G3 
Tel: (613) 226-2365 
TELEX: 053-4585 


Multilek, Inc. 
Toronto 
Tel: (416) 245-4622 


Multilek, Inc. 
Montreal 
Tel: (514) 481-1350 


*Field Application Location 


ALABAMA 


tHamilton/Avnet Electronics 
4812 Commercial Drive N.W. 
Huntsville 35805 

Tel: (205) 837-7210 


tPioneer/Huntsville 
1207 Putman Drive NW 
Huntsville 35805 

Tel: (205) 837-9033 
TWX: 810-726-2197 


ARIZONA 


tHamilton/Avnet Electronics 
505 S. Madison Drive 

Tempe 85281 

Tel: (602) 275-7851 


tWyle Distribution Group 
8155 N. 24th Avenue 
Phoenix 85021 

Tel: (602) 249-2232 

TWX: 910-951-4282 


CALIFORNIA 
Arrow Electronics, Inc. 


Electronics Distribution Division 


9511 Ridge Haven Court 
San Diego 92123 
Tel: (714) 565-4800 


Arrow Electronics, Inc. 


Electronics Distribution Division 


720 Paiomar Avenue 
Sunnyvale, California 94086 
Tel: (408) 739-3011 


tAvnet Electronics 

350 McCormick Avenue 
Costa Mesa 92626 

Tel: (714) 754-6111 
TWX: 910-595-1928 


Hamilton/Avnet Electronics 
1175 Bordeaux Dr. 
Sunnyvale 94086 

Tel: (408) 743-3355 

TWX: 910-339-9332 


tHamilton/Avnet Electronics 
4545 Viewridge Ave. 

San Diego 92123 

Tel: (714) 571-7510 

TWX: 910-335-1216 


tHamilton/Avnet Electronics 
10950 W. Washington Blvd. 
Culver City 90230 

Tel: (213) 558-2809 

TWX: 910-340-6364 or 7073 


tHamilton Electro Sales 
3170 Pullman Street 
Costa Mesa 92626 

Tel: (714) 641-4100 


tAvnet Electronics 
4942 Rosecrans Ave. 
Hawthorne 90250 
Tel: (213) 970-0956 


tWyle Distribution Group 
124 Maryland Street 

El Segundo 90245 

Tel: (213) 322-3826 

TWX: 910-348-7140 or 7111 


tWyle Distribution Group 
9525 Chesapeake Dr. 

San Diego 92123 

Tel: (714) 565-9171 

TWX: 910-335-1590 


tWyle Distribution Group 
3000 Bowers Avenue 
Santa Clara 95052 

Tel: (408) 727-2500 

TWX: 910-338-0451 or 0296 


Hamilton/Avnet Electronics 
3170 Pullman 

Costa Mesa 92626 

Tel: (714) 641-1850 


COLORADO 
Arrow Electronics, Inc. 


Electronics Distribution Division 


2121 South Hudson Street 
Denver 80222 
Tel: (303) 758-2100 


tWyle Distribution Group 
6777 E. 50th Avenue 
Commerce City 80022 
Tel: (303) 287-9611 

TWX: 910-931-0510 


tHamilton/Avnet Electronics 
8765 E. Orchard Road 

Suite 708 

Englewood 80111 

Tel: (303) 740-1000 

TWX: 910-931-0510 


CONNECTICUT 


tArrow Electronics 
12 Beaumont Road 
Wallingford 06492 

Tel: (203) 265-7741 
TWX: 710-476-0162 


tHamilton/Avnet Electronics 
643 Danbury Road 
Georgetown 06829 
Tel: (203) 762-0361 


tHarvey Electronics 
112 Main Street 
Norwalk 06851 

Tel: (203) 853-1515 
TWX: 710-468-3373 


FLORIDA 


tArrow Electronics 
1001 N.W. 62nd Street 
Suite 108 

Ft. Lauderdale 33309 
Tel: (305) 776-7790 


tArrow Electronics 

115 Palm Bay Road, NW 
Suite 10, Bldg. 200 
Palm Bay 32905 

Tel: (305) 725-1480 
TWX: 510-959-6337 


tHamilton/Avnet Electronics 
6800 Northwest 20th Ave. 
Ft. Lauderdale 33309 

Tel: (305) 971-2900 

TWX: 510-955-3097 


tPioneer/Oriando 

6220 S. Orange Blossom Trail 
Suite 412 

Orlando 32809 

Tel: (305) 859-3600 

TWX: 810-850-0177 


Hamilton/Avnet Electronics 
3197 Tech. Drive North 

St. Petersburg 33702 

Tel: (813) 576-3930 

TWX: 810-863-0374 


GEORGIA 


Arrow Electronics 
2979 Pacific Drive 
Norcross 30071 
Tel: (404) 449-8252 
TWX: 810-757-4213 


tHamilton/Avnet Electronics 
6700 I-85 Access Road, No. 11 
Suite 1E 

Norcross 30071 

Tel: (404) 448-0800 


U.S. AND CANADIAN DISTRIBUTORS 


ILLINOIS 


Arrow Electronics 
492 Lunt Avenue 
P.O. Box 94248 
Schaumburg 60193 
Tel: (312) 893-9420 
TWX: 910-222-1807 


tHamilton/Avnet Electronics 
3901 No. 25th Avenue 
Schiller Park 60176 

Tel: (312) 678-6310 

TWX: 910-227-0060 


Pioneer/Chicago 
1551 Carmen Drive 
Elk Grove 60007 
Tel: (312) 437-9680 
TWX: 910-222-1834 


INDIANA 


tPioneer/Indiana 

6408 Castleplace Drive 
Indianapolis 46250 

Tel: (317) 849-7300 
TWX: 810-260-1794 


KANSAS 


tHamilton/Avnet Electronics 
9219 Quivira Road 

Overland Park 66215 

Tel: (913) 888-8900 


tComponent Specialties, Inc. 


8369 Nieman Road 
Lenexa 66214 

Tel: (913) 492-3555 
MARYLAND 

Arrow Electronics, Inc. 


Electronics Distribution Division 


4801 Benson Avenue 

Baltimore 21227 

Tel: (301) 247-5200 
(202) 737-1700 


tHamilton/Avnet Electronics 
7235 Standard Drive 
Hanover 21076 

Tel: (301) 796-5684 

TWX: 710-862-1861 


tPioneer/Washington 
9100 Gaither Road 
Gaithersburg 20760 
Tel: (301) 948-0710 
TWX: 710-828-0545 


MASSACHUSETTS 


tHamilton/Avnet Electronics 
50 Tower Office Park 
Woburn 01801 

Tel: (617) 273-7500 


tArrow Electronics 
96D Commerce Way 
Woburn 01801 

Tel: (617) 933-8130 


Harvey/Boston 

44 Hartwell Ave. 
Lexington 02173 
Tel: (617) 861-9200 


MICHIGAN 


tArrow Electronics 
3810 Varsity Drive 
Ann Arbor 48104 
Tel: (313) 971-8220 
TWX: 810-223-6020 


tPioneer/ Michigan 
13485 Stamford 
Livonia 48150 

Tel: (313) 525-1800 
TWX: 810-242-3271 


tHamilton/Avnet Electronics 
32487 Schoolcraft Road 
Livonia 48150 

Tel: (313) 522-4700 

TWX: 810-242-8775 


tMicrocomputer System Technical Demonstrator Centers 


MINNESOTA 


tindustrial Components 
5229 Edina Industrial Bivd. 
Minneapolis 55435 

Tel: (612) 831-2666 

TWX: 910-576-3153 


tArrow Electronics 
5230 W. 73rd Street 
Edina 55435 

Tel: (612) 830-1800 
TWX: 910-576-2726 


tHamilton/Avnet Electronics 
7449 Cahill Road 

Edina 55435 

Tel: (612) 941-3801 

TWX: 910-576-2720 


MISSOURI 


tHamilton/Avnet Electronics 
396 Brookes Lane 
Hazelwood 63042 

Tel: (314) 731-1144 

TWX: 910-762-0606 


NEW HAMPSHIRE 


tArrow Electronics 
1 Perimeter Road 

Manchester 03103 
Tel: (603) 668-6968 


NEW JERSEY 


tArrow Electronics 
Pleasant Valley Avenue 
Moorestown 08057 
Tel: (609) 235-1900 
TWX: 710-897-0829 


tArrow Electronics 
285 Midland Avenue 
Saddle Brook 07662 
Tel: (201) 797-5800 
TWX: 710-988-2206 


Hamilton/Avnet Electronics 
10 Industrial Road 

Fairfield 07006 

Tel: (201) 575-3390 

TWX: 710-734-4338 


tHarvey Electronics 
45 Route 46 
Pinebrook 07058 
Tel: (201) 575-3510 
TWX: 710-734-4382 


tHamilton/Avnet Electronics 
1 Keystone Ave. 

Bldg. 36 

Cherry Hill 08034 

Tel: (609) 424-0100 

TWX: 710-897-1405 


NEW MEXICO 


tAlliance Electronics Inc. 
11721 Central Ave. N.E. 
Albuquerque 87123 

Tel: (505) 292-3360 

TWX: 910-989-1151 


Arrow Electronics, Inc. 


Electronics Distribution Division 
2460 Alamo Avenue, Southeast 


Albuquerque 87106 
Tel: (505) 243-4566 


tHamilton/Avnet Electronics 
2524 Baylor Drive, S.E. 
Albuquerque 87106 

Tel: (505) 765-1500 


NEW YORK 


Harvey Electronics 
P.O. Box 1208 
Binghampton 13902 
Tel: (607) 748-8211 
TWX: 510-252-0893 


Arrow Electronics 

900 Broad Hollow Road 
Farmingdale 11735 

Tel: (516) 694-6800 
TWX: 510-224-6494 


tArrow Electronics 

3000 South Winton Road 
Rochester 14623 

Tel: (716) 275-0300 
TWX: 910-338-0026 


tHamilton/Avnet Electronics 
167 Clay Road 

Rochester 14623 

Tel: (716) 475-9130 

TWX: 910-340-6364 


tArrow Electronics 
7705 Maltlage Drive 
Liverpool 13088 

Tel: (315) 652-1000 
TWX: 710-545-0230 


Arrow Electronics 
20 Oser Avenue 
Hauppauge 11787 
Tel: (516) 231-1000 
TWX: 510-224-6494 


tHamilton/Avnet Electronics 
16 Corporate Circle 

E. Syracuse 13057 

Tel: (315) 437-2641 


tHamilton/Avnet Electronics 
5 Hub Drive 

Melville, Long Island 11746 
Tel: (516) 454-6000 

TWX: 510-252-0893 


tHarvey Electronics 

60 Crossways Park West 
Woodbury 11797 

Tel: (516) 921-8700 
TWX: 510-221-2184 


Harvey/Rochester 
840 Airport Park 
Fairport 14450 
Tel: (716) 381-7070 


NORTH CAROLINA 


Pioneer/Carolina 

106 Industrial Ave. 
Greensboro 27406 
Tel: (919) 273-4441 
TWX: 510-925-1114 


tHamilton/Avnet Electronics 
2803 Industrial Drive 
Raleigh 27609 

Tel: (919) 829-8030 


Arrow Electronics 
938 Burke Street 
Winston-Salem 27102 
Tel: (919) 725-8711 
TWX: 510-922-4765 


U.S. AND CANADIAN DISTRIBUTORS 


OHIO 


Arrow Electronics 
7620 McEwen Road 
Centerville 45459 
Tel: (513) 435-5563 
TWX: 810-459-1611 


Arrow Electronics 
6238 Cochran Rd. 

Solon 44139 

Tel: (216) 248-3990 


tHamilton/Avnet Electronics 
954 Senate Drive 

Dayton 45459 

Tel: (513) 433-0610 

TWX: 910-340-2531 


tPioneer/ Dayton 
1900 Troy Street 
Dayton 45404 

Tel: (513) 236-9900 
TWX: 810-459-1622 


Arrow Electronics 
10 Knolicrest Dr. 
Cincinnati 45237 
Tel: (513) 761-5432 
TWX: 810-461-2670 


tPioneer/Cleveland 
4800 E. 131st Street 
Cleveland 44105 
Tel: (216) 587-3600 
TWX: 810-422-2210 


tHamilton/Avnet Electronics 
4588 Emery Industrial Parkway 
Warrensville Heights 44128 
Tel: (216) 831-3500 


OKLAHOMA 


tComponents Specialties, Inc. 
7920 E. 40th Street 

Tulsa 74145 

Tel: (918) 664-2820 

TWX: 910-845-2215 


OREGON 


tHamilton/Avnet Electronics 
6024 SW Jean Rd. 

Bidg. C, Suite 10 

Lake Oswego 97034 

Tel: (503) 635-8157 


tAlmac/Stroum Electronics 
8022 S.W. Nimbus, Bidg. 7 
Beaverton 97005 

Tel: (503) 641-9070 


PENNSYLVANIA 


Pionger/Pittsburgh 
560 Alpha Drive 
Pittsburgh 15238 
Tel: (412) 782-2300 
TWX: 710-795-3122 


Pioneer/Delaware Valley 
141 Gibraltar Road 
Horsham 19044 

Tel: (215) 674-4000 
TWX: 510-665-6778 


tArrow/ Electronics 
4297 Greensburg Pike 
Suite 3114 

Pittsburgh 15221 

Tel: (412) 351-4000 


TENNESSEE 


tArrow Electronics 

P.O. Box 129 

W. Andrew Johnson Hwy. 
Talbott 37677 

Tel: (615) 587-2137 


TEXAS 


Arrow Electronics 
13715 Gamma Road 
Dallas 75234 

Tel: (214) 386-7500 
TWX: 910-861-5495 


Arrow Electronics, Inc. 
Electronics Distribution Division 
10700 Corporate Drive, Suite 100 
Stafford 77477 

Tel: (713) 491-4100 


Component Specialties Inc. 
8222 Jamestown Drive 
Suite 115 

Austin 78757 

Tel: (512) 837-8922 

TWX: 910-874-1320 


Hamilton/Avnet Electronics 
10508A Boyer Bivd. 

Austin 78757 

Tel: (512) 837-8911 


tHamilton/Avnet Electronics 
4445 Sigma Road 

Dallas 75240 

Tel: (214) 661-8661 

TWX: 910-860-5371 


tHamilton/Avnet Electronics 
3939 Ann Arbor Drive 
Houston 77063 

Tel: (713) 780-1771 


tComponent Specialties, Inc. 
10907 Shady Trail, Suite 101 
Dallas 75220 

Tel: (214) 357-6511 

TWX: 910-861-4999 


tComponent Specialties, Inc. 

8585 Commerce Park Drive, Suite 590 
Houston 77036 

Tel: (713) 771-7237 

TWX: 910-881-2422 


UTAH 


tHamilton/Avnet Electronics 
1585 West 2110 South 

Salt Lake City 84119 

Tel: (801) 972-2800 


WASHINGTON 


Arrow Electronics, Inc. 
Electronics Distribution Division 
1059 Andover Park East 

Tukwila 98188 

Tel: (206) 575-0907 


tHamilton/Avnet Electronics 
14212 N.E. 21st Street 
Bellevue 98005 

Tel: (206) 746-8750 


tAlmac/Stroum Electronics 
5811 Sixth Ave. South 
Seattle 98108 

Tel: (206) 763-2300 

TWX: 910-444-2067 


tWyle Distribution Group 
1750 132nd Avenue NE 
Bellevue 98005 

Tel: (206) 453-8300 

TWX: 910-443-2526 


WISCONSIN 


tArrow Electronics 
430 W. Rawson Avenue 
Oak Creek 53154 

Tel: (414) 764-6600 
TWX: 910-338-0026 


tHamilton/Avnet Electronics 
2975 Moorland Road 

New Berlin 53151 

Tel: (414) 784-4510 

TWX: 910-262-1182 


CANADA 


ALBERTA 


Zentronics 
9224 27th Avenue 
Edmonton T6N 1B2 


tL.A. Varah Ltd. 
4742 14th Street N.E. 
Calgary T2E 6L7 

Tel: (403) 230-1235 
TWX: 018-258-97 


Zentronics 

3651 21st N.E. 
Calgary T2E 6T5 
Tel: (403) 230-1422 


BRITISH COLUMBIA 


tL.A. Varah Ltd. 
2077 Alberta Street 
Vancouver V5Y 1C4 
Tel: (604) 873-3211 
TWX: 610-929-1068 


Zentronics 

550 Cambie St. 
Vancouver V6B 2N7 
Tel: (604) 688-2533 
TWX: 04-5077-89 


MANITOBA 


L.A. Varah 

1-1832 King Edward Street 
Winnipeg R2R ON1 

Tel: (204) 633-6190 

TWX: 07-55-365 


Zentronics 

590 Berry St. 
Winnipeg R3H 0S1 
Tel: (204) 775-8661 


ONTARIO 


tL.A. Varah, Ltd. 
505 Kenora Avenue 
Hamilton L8E 3P2 
Tel: (416) 561-9311 
TWX: 061-8349 


tHamilton/Avnet Electronics 
3688 Nashua Drive, Units G & H 
Mississauga L4V 1M5 

Tel: (416) 677-7432 

TWX: 610-492-8860 


tHamilton/Avnet Electronics 
1735 Courtwood Crescent 
Ottawa K2C 3J2 

Tel: (613) 226-1700 


tZentronics 

141 Catherine Street 
Ottawa K2P iC3 
Tel: (613) 238-6411 
TWX: 053-3636 


tZentronics 

1355 Meyerside Drive 
Mississauga, Ontario L5T 1C9 
Tel: (416) 676-9000 

Telex: 06-983-657 


QUEBEC 


tHamilton/Avnet Electronics 
2670 Sabourin Street 

St. Laurent H4S 1M2 

Tel: (514) 331-6443 

TWX: 610-421-3731 


Zentronics 

5010 Pare Street 
Montreal H4P 1P3 
Tel: (514) 735-5361 
TWX: 05-827-535 


tMicrocomputer System Technical Demonstrator Centers 


intel INTERNATIONAL SALES AND MARKETING OFFICES 


INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES 


ARGENTINA 


Micro Sistemas S.A. 
9 De Julio 561 
Cordoba 

Tel: 54-51-32-880 
TELEX: 51837 BICCO 


AUSTRALIA 


A.J.F. Systems & Components Pty. Ltd. 


310 Queen Street 
Melbourne 
Victoria 3000 

Tel: 

TELEX: 


Warburton Franki 
Corporate Headquarters 
372 Eastern Valley Way 


Chatswood, New South Wales 2067 


Tel: 407-3261 
TELEX: AA 21299 


AUSTRIA 


Bacher Elektronische Geraete GmbH 


Rotenmulgasse 26 
A 1120 Vienna 

Tel: (0222) 83 63 96 
TELEX: (01) 1532 


Rekirsch Elektronik Geraete GmbH 


Lichtensteinstrasse 97 
A1000 Vienna 

Tel: (222) 347646 
TELEX: 74759 


BELGIUM 


Inelco Belgium S.A. 

Ave. des Croix de Guerre 94 
B1120 Brussels 

Tel: (02) 216 01 60 

TELEX: 25441 


BRAZIL 


Icotron S.A. 

0511-Av. Mutinga 3650 

6 Andar 

Pirituba-Sao Paulo 

Tel: 261-0211 

TELEX: (011) 222 ICO BR 


CHILE 


DIN 

Av. Vic. Mc kenna 204 
Casilla 6055 

Santiago 

Tel: 227 564 

TELEX: 3520003 


CHINA 


C.M. Technologies 
525 University Avenue 
Suite A-40 

Palo Alto, CA 94301 


COLOMBIA 


International Computer Machines 
Adpo. Aereo 19403 

Bogota 1 

Tel: 232-6635 

TELEX: 43439 


CYPRUS 


Cyprus Eltrom Electronics 
P.O. Box 5393 

Nicosia 

Tel: 21-27982 


DENMARK 


STL-Lyngso Komponent A/S 
Ostmarken 4 

DK-2860 Soborg 

Tel: (01) 67 00 77 

TELEX: 22990 


Scandinavian Semiconductor 
Supply A/S 

Nannasgade 18 

DK-2200 Copenhagen 

Tel: (01) 83 50 90 

TELEX: 19037 


FINLAND 


Oy Fintronic AB 
Melkonkatu 24 A 
SF-00210 

Helsinki 21 

Tel: 0-692 6022 

TELEX: 124 224 Ftron SF 


FRANCE 


Celdis S.A.* 

53, Rue Charles Frerot 
F-94250 Gentilly 

Tel: (1) 581 00 20 
TELEX: 200 485 


Feutrier 

Rue des Trois Glorieuses 
F-42270 St. Priest-en-Jarez 
Tel: (77) 74 67 33 

TELEX: 3000 21 


Metrologie* 

La Tour d'Asnieres 

4, Avenue Laurent Cely 
92606-Asnieres 

Tel: 791 44 44 

TELEX: 611 448 


Tekelec Airtronic* 
Cite des Bruyeres 
Rue Carle Vernet 
F-92310 Sevres 
Tel: (1) 534 75 35 
TELEX: 204552 


GERMANY 


Electronic 2000 Vertriebs GmbH 
Neumarkter Strasse 75 

D-8000 Munich 80 

Tel: (089) 434061 

TELEX: 522561 


Jermyn GmbH 
Postfach 1180 
D-6077 Camberg 
Tel: (06434) 231 
TELEX: 484426 


Kontron Elektronik GmbH 
Breslauerstrasse 2 

8057 Eching B 

D-8000 Munich 

Tel: (89) 319.011 

TELEX: 522122 


Neye Enatechnik GmbH 
Schillerstrasse 14 

D-2085 Quickborn-Hamburg 
Tel: (04106) 6121 

TELEX: 02-13590 


GREECE 


American Technical Enterprises 
P.O. Box 156 
Athens 
Tel: 30-1-8811271 
30-1-8219470 


HONG KONG 


Schmidt & Co. 

28/F Wing on Center 
Connaught Road 

Hong Kong 

Tel: 5-455-644 

TELEX: 74766 Schmc Hx 


INDIA 
Micronic Devices 


104/109C, Nirmal Industrial Estate 


Sion (E) 

Bombay 400022, India 

Tel: 486-170 

TELEX: 011-5947 MDEV IN 


ISRAEL 


Eastronics Ltd.* 
11 Rozanis Street 
P.O. Box 39300 
Tel Aviv 61390" 
Tel: 475151 
TELEX: 33638 


ITALY 


Eledra 3S S.P.A.* 

Viale Elvezia, 18 

1 20154 Milan 

Tel: (02) 34.93.041-31.85.441 
TELEX: 332332 


JAPAN 


Asahi Electronics Co. Ltd. 
KMM Bidg. Room 407 

2-14-1 Asano, Kokura 
Kita-Ku, Kitokyushu City 802 
Tel: (093) 511-6471 

TELEX: AECKY 7126-16 


Hamilton-Avnet Electronics Japan Ltd. 
YU and YOU Bidg. 1-4 Horidome-Cho 


Nihonbashi 
Tel: (03) 662-9911 
TELEX: 2523774 


Nippon Micro Computer Co. Ltd. 
Mutsumi Bidg. 4-5-21 Kojimachi 
Chlyoda-ku, Tokyo 102 

Tel: (03) 230-0041 


Ryoyo Electric Corp. 
Konwa Bidg. 

1-12-22, Tsukiji, 1-Chome 
Chuo-Ku, Tokyo 104 

Tel: (03) 543-7711 


Tokyo Electron Ltd. 

No. 1 Higashikata-Machi 
Midori-Ku, Yokohama 226 
Tel: (045) 471-8811 
TELEX: 781-4473 


KOREA 


Koram Digital 

Room 411 Ahil Bidg. 

49-4 2-GA Hoehyun-Dong 
Chung-Ku Seoul 

Tel: 23-8123 

TELEX: K23542 HANSINT 


Leewood International, Inc. 
C.P.0. Box 4046 

112-25, Sokong-Dong 
Chung-Ku, Seoul 100 

Tel: 28-5927 

CABLE: ‘“LEEWOOD” Seoul 


NETHERLANDS 


Ineico Nether. Comp. Sys. BV 
Turfstekerstraat 63 

Aalsmeer 1431 D 

Tel: (2977) 28855 

TELEX: 14693 


Koning & Hartman 
Koperwerf 30 
2544 EN Den Haag 
Tel: (70) 210.101 
TELEX: 31528 


NEW ZEALAND 


W. K. McLean Ltd. 

P.O. Box 18-065 

Glenn Innes, Auckland, 6 
Tel: 587-037 

TELEX: NZ2763 KOSFY 


NORWAY 


Nordisk Elektronik (Norge) A/S 
Postoffice Box 122 
Smedsvingen 4 

1364 Hvalstad 

Tel: 02 78 62 10 

TELEX: 17546 


PORTUGAL 


Ditram 

Componentes E Electronica LDA 
Av. Miguel Bombarda, 133 
Lisboa 1 

Tel: (19) 545313 

TELEX: 14347 GESPIC 


SINGAPORE 


General Engineers Associates 
Bik 3, 1003-1008, 10th Floor 
P.S.A. Multi-Storey Complex 
Telok Blangah/Pasir Panjang 
Singapore 5 

Tel: 271-3163 

TELEX: RS23987 GENERCO 


SOUTH AFRICA 


Electronic Building Elements 
Pine Square 

18th Street 

Hazelwood, Pretoria 0001 
Tel: 789 221 

TELEX: 30181SA 


SPAIN 


Interface 

Av. Generalisimo 51 9° 
E-Madrid 16 

Tel: 456 3151 


ITT SESA 

Miguel Angel 16 
Madrid 10 

Tel: (1) 4190957 
TELEX: 27707/27461 


SWEDEN 


AB Gosta Backstrom 
Box 12009 

10221 Stockholm 
Tel: (08) 541 080 
TELEX: 10135 


Nordisk Electronik AB 
Box 27301 

S-10254 Stockholm 
Tel: (08) 635040 
TELEX: 10547 


SWITZERLAND 


Industrade AG 
Gemsenstrasse 2 
Postcheck 80 - 21190 
CH-8021 Zurich 

Tel: (01) 60 22 30 
TELEX: 56788 


TAIWAN 


Taiwan Automation Co.* 
3d Floor #75, Section 4 
Nanking East Road 
Taipei 

Tel: 771-0940 

TELEX: 11942 TAIAUTO 


TURKEY 


Turkelek Electronics 
Apapurk Boulevard 169 
Ankara 

Tel: 189483 


UNITED KINGDOM 


Comway Microsystems Ltd. 
Market Street 

68-Bracknell, Berkshire 

Tel: (344) 51654 

TELEX: 847201 


G.E.C. Semiconductors Ltd. 
East Lane 

North Wembley 

Middiesex HAS 7PP 

Tel: (01) 904-9303/908-4111 
TELEX: 28817 


Jermyn Industries 
Vestry Estate 
Sevenoaks, Kent 
Tel: (0732) 501.44 
TELEX: 95142 


Rapid Recall, Ltd. 

6 Soho Mills Ind. Park 
Wooburn Green 
Bucks, England 

Tel: (6285) 24961 
TELEX: 849439 


Sintrom Electronics Ltd.* 
Arkwright Road 2 

Reading, Berkshire RG2 OLS 
Tel: (0734) 85464 

TELEX: 847395 


VENEZUELA 


Componentes y Circuitos 
Electronicos TTLCA C.A. 

Apartado 3223 

Caracas 101 

Tel: 718-100 

TELEX: 21795 TELETIPOS 


“Field Application Location 


intel INTERNATIONAL SALES AND MARKETING OFFICES 


INTEL® MARKETING OFFICES 


AUSTRALIA 


Intel Australia 

Suite 2, Level 15, North Point 
100 Miller Street 

North Sydney, NSW, 2060 
Tel: 450-847 

TELEX: AA 20097 


BELGIUM 


Intel Corporation S.A. 
Rue du Moulin a Papier 51 
Boite 1 

B-1160 Brussels 

Tel: (02) 660 30 10 
TELEX: 24814 


DENMARK 


Intel Denmark A/S* 
Lyngbyvej 32 2nd Floor 
DK-2100 Copenhagen East 
Tel: (01) 18 20 00 

TELEX: 19567 


FINLAND 


Intel Scandinavia 
Sentnerikuja 3 

SF - 00400 Helsinki 40 
Tel: (0) 558531 
TELEX: 123 332 


FRANCE 


Intel Corporation, S.A.R.L.* 
5 Place de la Balance 

Silic 223 

94528 Rungis Cedex 

Tel: (01) 687 22 21 

TELEX: 270475 


GERMANY 


Intel Semiconductor GmbH* 
Seidistrasse 27 

8000 Muenchen 2 

Tel: (089) 53 891 

TELEX: 523 177 


Intel Semiconductor GmbH 
Mainzer Strasse 75 

6200 Wiesbaden 1 

Tel: (06121) 700874 

TELEX: 04186183 


Intel Semiconductor GmbH 
Wernerstrasse 67 

P.O. Box 1460 

7012 Fellbach 

Tel: (0711) 580082 

TELEX: 7254826 


Intel Semiconductor GmbH 
Hindenburgstrasse 28/29 
3000 Hannover 1 

Tel: (0511) 852051 

TELEX: 923625 


HONG KONG 


Intel Trading Corporation 
99-105 Des Voeux Rd., Central 
18F, Unit B 

Hong Kong 

Tel: 5-450-847 

TELEX: 63869 


ISRAEL 


Intel Semiconductor Ltd.* 
P.O. Box 2404 

Haifa 

Tel: 972/452 4261 
TELEX: 92246511 


ITALY 


Intel Corporation Italia, S.p.A. 
Corso Sempione 39 

1-20145 Milano 

Tel: 2/34.93287 

TELEX: 311271 


JAPAN 
Intel Japan K.K.* 


Flower Hill-Shinmachi East Bidg. 


1-23-9, Shinmachi, Setagaya-ku 
Tokyo 154 

Tel: (03) 426-9261 

TELEX: 781-28426 


NETHERLANDS 


Intel Semiconductor B.V. 
Cometongebouw 
Westblaak 106 

3012 Km Rotterdam 

Tel: (10) 149122 

TELEX: 22283 


NORWAY 


Intel Norway A/S 
P.O. Box 92 
Hvamveien 4 
N-2013 

Skjetten 

Tel: (2) 742 420 
TELEX: 18018 


SWEDEN 


Intel Sweden A.B.* 
Box 20092 
Alpvagen 17 
S-16120 Bromma 
Tel: (08) 98 53 90 
TELEX: 12261 


SWITZERLAND 


Intel Semiconductor A.G. 
Forchstrasse 95 

CH 8032 Zurich 

Tel: 1-55 45 02 

TELEX: 557 89 ich ch 


UNITED KINGDOM 


Intel Corporation (U.K.) Ltd. 
Broadfield House 

4 Between Towns Road 
Cowley, Oxford OX4 3NB 
Tel: (0865) 77 14 31 

TELEX: 837203 


Intel Corporation (U.K.) Ltd.* 
5 Hospital Street 

Nantwich, Cheshire CW5 5RE 
Tel: (0270) 62 65 60 

TELEX: 36620 


Intel Corporation (U.K.) Ltd. 
Dorcan House 

Eldine Drive 

Swindon, Wiltshire SN3 3TU 
Tel: (0793) 26101 

TELEX: 444447 INT SWN 


*Field Application Location 


| 


I have an immediate requirement. 
-©) Please have a salesman contact me. 


My application is. 


| will have a need for: 


I'd like to receive free information on the following Intel products: 


O) 16-Bit Microprocessors O EPROMs 

CO) 8-Bit Microprocessors [) Signal Processors 

O Single-Chip Microcontrollers 1 Bubble Memories 

() Peripheral Controllers (1) Single Board Computers 
O Static RAMs [1 Dynamic RAMs 1 Development Systems 
O) Telecom Products O) Military Products 


I'd like to purchase the following catalogs: 
O MCS 80/85™ Family User's Manual — $7.50 


O The 1981 Component Data Catalog — $10.00 


O) The 1981 Systems Data Catalog — $10.00 


Name: 
Title: 


RES IR G20 oO LES ON AERC DSRNA OOP URE INC Na HRC ME REO AI OEIC MN aT 


miriam emis tee ea yes GO ee ES ee 


Ss 


Product Quantity Product . Quantity 


O Software High-Level 
Be eT EONGTA TARR SIN SO BRNO 
1 Macro Assemblers 
O Operating Systems 
(RMX 80/86"™) 
O Workshops 


Additionally, I'd like to receive free: 


0) Peripheral Design Handbook — $7.50 ‘ (9 Intel's Literature Catalog 
O The 8086 (8088) Family User's Manual — $10.00 (1) UPI-41A™ User’s Manual — $5.00 Lists Intel’s major technical catalogs and manuals. 


C1) MCS-48™ Microcomputer User's Manual — $5.00 To order send check, money order or use your VISA or MasterCard. 


2 MCS-51™ Family User’s Manual — $5.00 
(prices subject to change without notice) 


a AGS SEES: eee 


MECOUNT NO) uo oe ee ET VISA CD MasterCerd 
Expiration Date 


Address: 
City, State: 
Zip: Telephone: 


intel delivers solutions 


in / @! } + Intel Corporation eA Sea i 
ne 3065 Bowers Avenue a 
Pa dd : ~ Santa, Clara, CA 95057 


i f a Intel International 
gy gh Rue du Moulin a Papier 51, Boite 7, 
fis | B-1160 Brussels, Belgium 


Intel Japan K.K. 
Flower Hill-Shinmachi East Bldg. 
1-23-9, Shinmachi, 'Setagayu-ku = 


Tokyo 154, Japan |! 
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